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Competition for forage, especially winter forage, between wildlife and domestic livestock has 
long been a concern to land managers. The impacts of both livestock and wild ungulate grazing 
have been documented in several studies, however, grazing impacts are largely site- and 
species-specific. Grazing effects vary due to different animal and plant communities present, type 
and numbers of livestock and grazing management, size of wildlife populations, and site-specific 
biotic and abiotic conditions. Few studies have been conducted on the impacts of cattle and wild 
ungulates along the eastern side of the Rocky Mountains of Montana, known locally as the Rocky 
Mountain Front. The objective of this study was to determine the influence of grazing treatments, 
developed by excluding different types of ungulates using exclosures, and time on the vegetation 
dynamics of 7 plant communities on the Theodore Roosevelt Memorial Ranch in northcentral 
Montana.
Exclosures were constructed in 1987 in 5 locations and included 7 plant community types and 
were used to define 3 grazing treatments. The first treatment, no grazing exclusion, allowed 
grazing by cattle and wild ungulates. The second treatment, cattle exclusion, excluded cattle 
grazing, but allowed for easy access by wild ungulates. The third treatment, no grazing, excluded 
all ungulates. Plant community attributes measured were species relative frequency, species 
frequency, species diversity and species richness. Each plant species was also categorized as a 
decreaser, increaser, or invader for cattle grazing on the associated range site.
Generally, grazing by cattle and wild ungulates resulted in an increased frequency of species 
grouped as invaders and a decreased frequency of species grouped as increasers and 
decreasers. Although species diversity and richness varied by community, in most communities 
richness and diversity were higher in the grazed areas. Commonly, the frequency of invasive 
species was higher in grazed areas. The most valuable forage species for both cattle and elk, 
Festuca scabrella Torr., consistently decreased with just wild ungulate and cattle and wild 
ungulate grazing. Results indicate that although some general trends were apparent, the 
influence of grazing treatment on species frequency, diversity, and richness varied by community 
and management recommendations must be developed with this in mind.
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CHAPTER I
INTRODUCTION
Managing lands for multiple use is growing in importance as demands on land increase and 
diversify. For Montana ranches, this often means producing livestock while maintaining wild 
ungulate habitat and balancing the influences that domestic and wild ungulates have on each 
other's habitat. The effects of livestock grazing on wildlife habitat have been well documented in 
several studies (Anderson and Scherzinger 1975, Mackie 1978, Berg and Hudson 1982. Holechek 
et al. 1982, Long and Irwin 1982, Longhurst et al. 1982, McLean and Willms 1982, Neal 1982, 
Urness 1982, Skovlin et al. 1983, Jourdonnais 1985, Austin and Urness 1986, Grover and 
Thompson 1986, Franklin and Brand 1991, Frisina 1992, Peterson etal. 1992, Vavra 1992, Pieper 
1994, Severson and Urness 1994). Livestock influence wild ungulate habitat by modifying:
1) plant biomass, 2) structural components such as plant height and cover, and 3) plant species 
composition (Kie and Loft 1990). Direct alteration of habitat can result in changes in plant 
community composition by increasing less palatable species, reducing species that are palatable, 
and changing vegetative structure. However, the relationship between livestock grazing and wild 
ungulate habitat is complex. Wild ungulates such as deer (Odocoileus species) and elk (Cervus 
elaphus) can also significantly affect the amount of forage available for livestock as well as plant 
community composition and structure (Smith 1949, Hall 1955, Harvey 1980, Kie and Loft 1990, 
Jorgansen 1991).
Recently, a number of studies have documented that cattle grazing can actually be used to 
improve wild ungulate habitat (Anderson and Scherzinger 1975, Willms and McLean 1978, Willms 
et al. 1979, Dealy et al. 1981, Willms et al. 1981, Knowles and Campbell 1982, Leckenby et al. 
1982, Roberts and Becker 1982, Skovlin etal. 1983, Jourdonnais 1985, Pitt 1986, Alt etal. 1992, 
Frisina 1992). There are four ways in which livestock can positively affect wild ungulate habitat: 1)
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increase the productivity of selected species. 2) alter vegetative composition, 3) increase the 
nutritive quality of the forage, and, 4) increase diversity of habitat by altering its structure 
(Severson and Urness 1994). Variables that can be controlled to better manage for wildlife are 
class or type of livestock, stocking rate, distribution, and season of grazing. Because grazing 
impacts by livestock and wild ungulates are site- and species-specific due to the different plant 
and animal communities present, type and numbers of livestock and grazing management, size of 
wildlife populations, and site-specific biotic and abiotic conditions, research done elsewhere does 
not necessarily apply to the Rocky Mountain Front.
The Boone and Crockett Club purchased the Theodore Roosevelt Memorial (TRM) Ranch in 
1986, to demonstrate the integration of a working cattle ranch with the maintenance of high quality 
wild ungulate habitat. The ranch is located near Dupuyer, Montana, along the Rocky Mountain 
Front (Fig. 1.1). In addition to livestock production, the ranch provides habitat for large herds of 
wild ungulates. The ranch owns and grazes approximately 120 cow/calf pairs and leases summer 
grazing for an additional 200 cow/calf pairs. Mule deer (Odocoileus hemionus), white-tailed deer 
(Odocoileus virginianus), and elk use the ranch extensively, especially in the winter. During the 
winter, mule deer numbers range from 2000 to 3000 on the TRM and surrounding ranches1. Elk 
numbers on and around the ranch range from 200 during the summer months to 600 in the fall 
and winter months. Due to the small numbers of white-tailed deer in the area, 80 to 100 animals, 
effects of these animals on the plant communities of the ranch is believed to be negligible.
An understanding of the effects of livestock grazing, and the interaction of livestock grazing with 
wild ungulate grazing, is key in determining grazing regimes which provide for livestock 
production, wildlife habitat, and productive plant communities. However, little quantitative
1 Bob Peebles, May 14, 1996. Ranch Manager, Theodore Roosevelt Memorial Ranch, Dupuyer, 
Montana.
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research on responses of vegetation to grazing has been conducted along the Front. The 
Montana Department of Fish, Wildlife and Parks has conducted some monitoring to examine the 
response of vegetation to elk grazing. On the Sun River Wildlife Management Area, near 
Augusta, rough fescue (Festuca scabrella Torr.), the most productive forage species in the area 
for cattle and elk, decreased in frequency in grazed areas (Jorgansen 1991). Other important 
forage species, bluebunch wheatgrass (Pseudoroegnaria spicata (Pursh) Love) and Parry’s 
danthonia (Danthonia parryi Scribn.), increased in frequency in grazed areas.
Baseline vegetation studies were initiated on the TRM Ranch in 1987 (Offerdahl 1989).
Offerdahl (1989) identified twenty-two distinct plant communities. Subsequent to Offerdahl’s 
vegetation studies, 5 cattle and wildlife exclosures were established in 7 dominant plant 
communities in 1987 to monitor change in vegetation due to exclusion of grazing by cattle and by 
excluding both cattle and wild ungulates. Each grazing exclosure was established in a site with a 
plant community or plant community types that were of primary interest in monitoring. In 4 plant 
communities, “paired exclosures” were established, with one area excluding cattle (three strand 
barbed wire fence) and the other area excluding cattle and wild ungulates (net wire fence 3.2 
meters high). The area selected for either the just wild ungulate grazing treatment or for the no 
grazing treatment was determined randomly in 1987 by the flip of a coin. Areas adjacent to the 
exclosures were utilized as a third treatment (cattle and wild ungulate grazing). A fifth grazing 
exclosure, allowing wild ungulate use only, was established along Dupuyer Creek. This 
exclosure, referred to as the Lower Creek Bottom Exclosure (Fig. 1.2), is 1.3 acres in size and the 
dominant plant community is a smooth brome meadow located above the flood plain (Appendix 
B). This exclosure was not “paired” because it was believed that the maintenance of the net wire 
exclosure, necessary to exclude the wild ungulates, would have been difficult and expensive since 
a portion of the often flooding Dupuyer Creek flowed through this site. Streambank stability has 
historically been a problem because of flooding and heavy cattle grazing. It is used as a spring
4
and early summer pasture for livestock (Appendix C). This pasture has been grazed by 
approximately 100 cow/calf pairs starting in early May through early June. Cattle remain on 
partial feed until around May 15th. Wild ungulate use of this pasture is probably minimal in the 
winter and transient in nature as animals migrate from higher use areas2. Limited use is made of 
this pasture by white-tailed deer in the summer months.
2 Thomas Baumeister, May 28, 1996. Boone and Crockett Research Fellow, Univ. Montana, 
Missoula.
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Figure 1.2. Lower Creek Bottom Exclosure, 1995.
The Upper Creek Bottom pasture exclosure is a paired livestock-wild life exclosure of 2 acres 
(Figs. 1.3 and 1.4). The dominant plant community is a shrubby cinquefoil/Parry's danthonia 
community (Appendix B). A second major plant community is a shrub type dominated by 
chokecherry and serviceberry (Appendix B). The serviceberry/chokecherry type, although usually 
small in size, is a very important component of mule deer winter range and is browsed heavily on 
the TRM Ranch (Offerdahl 1989). In addition to being important winter range for mule deer, it is 
also an important winter range area for elk and has been used heavily by cattle in the past. 
Approximately 100 to 150 mule deer winter in this area and elk use this area as a migration 
corridor. It is grazed by approximately 100 cow/calf pairs starting in early June through late June,
7
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Figure 1.3. Upper Creek Bottom Exclosure, 1987/88.
Figure 1.4. Upper Creek Bottom Exclosure, 1995.
The Lenstra Creek pasture exclosure is a paired exclosure of 3 acres (Figs. 1.5 and 1.6). The 
major plant community types are aspen and timothy/redtop hay meadow (Appendix B). This site 
receives heavy use by cattle and light use by wild ungulates. The pasture is grazed early in the 
spring during calving by approximately 80 cow/calf pairs while they are still on full feed. Around 
mid October, 100 cows are moved back into this pasture until mid November. Summer use by elk 
and white-tailed deer is probably m inim al.
4»v-
Figure 1.5. Lenstra Creek Exclosure, 1987/88.
Figure 1.6. Lenstra Creek Exclosure, 1995
The Lower 1500 Acres pasture exclosure is a paired exclosure of 2 acres (Figs 1.7 and 1.8).
The dominant plant community is shrubby cinquefoil/rough fescue community, with aspen as the 
subdominant community on the site (Appendix B). The shrubby cinquefoil/rough fescue 
communities provide excellent forage for livestock grazing in summer as well as for ungulates in 
the winter. Aspen communities provide succulent forage for cattle and wild ungulates throughout 
the growing season, in addition to providing shade and cover. The site has received heavy use by 
livestock in the past and is important winter range for elk and mule deer. This pasture alternates 
early and late summer grazing with an adjacent pasture (Appendix C). Use begins in mid June 
and continues through early September and is grazed by approximately 80 cow/calf pairs. In 
early September, this pasture is grazed again by about 85 cow/calf pairs for approximately 4 
weeks. The cattle are removed according to utilization of available forage in this pasture and the 
adjacent pasture. Approximately 50 mule deer and 150 elk make use of this pasture in the winter- 
spring. Minimal use of this pasture is made in the summer by wild ungulates.
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Figure 1.7. Lower 1500 Acres Exclosure, 1987/88
Figure 1.8. Lower 1500 Acres Exclosure, 1995.
The Elk Hang Out pasture exciosure is a paired exclosure of 4 acres (Figs 1 S and 1.10) The 
major plant communities are the aspen, blueounch wheatgrass, snrutby cinquefoil/rough fescue 
and serviceberry/choKecnerry commumiy types (Appendix B) This pasture has been utilized 
neavily by livestock. Additionally. because of the riparian area ana the bluebunch wheatgrass 
community located in tne pasture, this pasture has received heavy use by elk and muie deer 
This pasture and adjacent areas provide critical habitat fcr wintering elk and mule aeer. 
Approximately 60 eik and 150 to 200 mule aeer use this pasture for winter-spring habitat. In the 
summer months, this pasture is used by approximately 30 elk and a small numoer of white-tailed 
deer. Livestock are grazed in this pasture early June through late Seotemoer, usually at a 
stocking rate of 30 to 40 cow/cait pairs (Appendix C).
Figure 1.9. Elk Hang Out Exciosure, 1587/88
1 2
Figure 1.10. Elk Hang Out Exciosure, 1995.
The exciosures ard adjacent s'tes were utilized to measure piant community attributes 
associatea with the 3 grazing treatments: 1) cattle and wild unguiate grazing. 2) just wild ungulate 
grazing, and, 3) no ungulate grazing for a period of 7 years Specific study objectives were:
1} To determine the influence of cattle and wild ungulate grazing on the relative freauency of 
species grouped as increasers. decreasers. and invaders (U S Deoartment of Agriculture 19S5) 
for 7 plant communities.
2) To cetermine the influence of cattle and wild unguiate grazing on species frequency, relative 
frequency, spec-es diversity, and soecies richness fcr 7 Dlant communities.
3) To determine tne influence of cattie ano wild ungulate grazing since 1987 on the relative 
frequency of species grouped as increasers, decreasers. and invaders for 6 piant communities 
and.
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4) Given the above information, to determine management options which provide for livestock 
production while maintaining quality wild ungulate habitat.
Specific objectives are addressed in chapters 2, 3,4, and 5. Chapters 2, 3, and 4 are written as 
independent journal articles, including abstract, introduction, study area, methods, results and 
discussion, tables and figures, and literature cited.
Grazing treatments generally affected plant community composition of the TRM Ranch by 
decreasing the frequency of invader species, increasing the frequency of increaser and decreaser 
species, and decreasing species diversity and richness. When comparing the plant community 
composition of areas subjected to no grazing, to that of areas grazed by both cattle and wild 
ungulates, composition was most affected in the bluebunch wheatgrass, shrubby 
cinquefoil/Parry’s danthonia, moist hay meadow, dry hay meadow and shrub communities. Wild 
ungulate grazing significantly affected plant community composition in the bluebunch wheatgrass, 
aspen and moist hay meadow communities.
14
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DIFFERENCES IN PLANT COMPOSITION IN CATTLE 
AND WILD UNGULATE EXCLOSURES IN NORTHCENTRAL 
MONTANA1
ABSTRACT
The effects of cattle (Bos taurus) and wild ungulate grazing, just wild ungulate grazing, and total 
ungulate grazing exclusion (mule deer (Odocoileus hemionus). white-tailed deer (Odocoileus 
virainianusi. elk (Cervus elaohusV and cattle) on plant communities were investigated using cattle 
and wildlife exclosures on the Theodore Roosevelt Memorial Ranch, near Dupuyer, Montana.
The effects of grazing treatment on relative frequency of increasers. decreasers, and invaders 
varied among plant communities. Relative frequency of species grouped as increasers differed 
between treatments in the bluebunch wheatgrass (Pseudoroeanaria spicata CPursh) Love) (p < 
0.01), moist hay meadow (p < 0.01), and dry hay meadow (p < 0.001) communities. Relative 
frequency of species grouped as decreasers was significantly different between treatments in the 
aspen fPopulus tremuloides Michx.) (p < 0.01), shrubby cinquefoil (Potentilla fruticosa L.)/Parry's 
danthonia (Danthonia parrvi Scribn.) (p < 0.001), moist hay meadow (p < 0.05), and shrub (p < 
0.001) communities. Relative frequency of species grouped as invaders differed between 
treatments in the bluebunch wheatgrass (p < 0.01), shrubby cinquefoil/Parry's danthonia (p < 
0.001), moist hay meadow (p < 0.001), dry hay meadow (p < 0.001), and shrub (p < 0.001) 
communities.
1 Accepted for publication in: Sharing common ground on western rangelands: proceedings of a 
livestock/big game symposium; 1996 Feb. 26-28; Sparks, NV. Gen. Tech. Rep. INT-GTR-000. 
Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain Research Station.
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INTRODUCTION
Managing lands for multiple use is growing in importance as demands on iand increase and 
diversify. For Montana ranches, this often means producing livestock while maintaining wildlife 
habitat and balancing the influences that domestic and wild ungulates have on each other's 
habitat. The effects of livestock grazing on wildlife habitat have been well documented in several 
studies (Anderson and Scherzinger 1975, Mackie 1978. Longhurst and others 1982, McLean and 
Willms 1982, Neal 1982, Urness 1982, Jourdonnais 1985, Austin and Urness 1986). Livestock 
influence wildlife habitat by modifying: 1) plant biomass, 2) structural components such as plant 
height and cover, and, 3) plant species composition (Kie and Loft 1990). Typical changes in plant 
composition are an increase in less palatable species, reduction of species that are palatable, and 
change in vegetative structure. Wild ungulates, such as deer (Odocoileus species) and elk 
(Cervus elaphusl. can also affect the amount of forage available for livestock as well as plant 
community composition and structure (Smith 1949, Hall 1955, Harvey 1980, Kie and Loft 1990, 
Jorgansen 1991). Grazing impacts by livestock and wild ungulates vary by site due to the different 
plant and animal communities present, type and numbers of livestock and grazing management, 
size of wild ungulate populations, and site-specific biotic and abiotic conditions. Variables that can 
be controlled to better manage for wildlife are livestock stocking rate, duration, distribution and 
season of grazing. An understanding of the effects of livestock grazing, and the interaction of 
livestock grazing with wild ungulate grazing, is key in determining grazing regimes which provide 
for livestock production, wildlife habitat, and productive plant communities.
The Theodore Roosevelt Memorial (TRM) Ranch is located near Dupuyer, Montana, along the 
Rocky Mountain Front. The ranch is dedicated to research, education, and demonstration of 
shared land use that includes livestock grazing. In addition to producing livestock, the ranch 
provides habitat for large herds of wild ungulates. The ranch owns and grazes approximately 120 
cow/calf pairs during the summer months and leases summer grazing for an additional 200
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cow/calf pairs. Mule deer (Odocoileus hemionusV white-taiied deer (Odocoiieus virgimanus) and 
elk use the ranch extensively, primarily in the winter2. During the winter, mule deer numbers range 
from 2000 to 3000 on the TRM and surrounding ranches. Elk numbers on and around the ranch 
range from 200 during the summer months to 600 in the fall and winter months. Due to the small 
numbers of white-tailed deer in the area, 80 to 100 animals, the effects of these animals on the 
plant communities of the ranch is negligible. Since little quantitative research on the responses of 
plant communities to grazing has been conducted along the Front, the objective of this study was 
to determine the influence of exclusion of cattle and wild ungulate grazing on plant species of the 
TRM Ranch as grouped by increasers, decreasers and invaders as categorized by the National 
Resource Conservation Service (NRCS) (U.S. Department of Agriculture 1995). Future analyses 
will examine effects of exclusion of cattle and wild ungulate grazing on individual plant species 
and develop management options that best meet the goals of the ranch.
STUDY SITE
The 6,000-acre TRM Ranch is located on the eastern slope of the Rocky Mountains.
Vegetation of the TRM Ranch is diverse and includes Fescue Prairie, limber pine (Pinus flexilis 
James), and Doualas-fir (Pseudotsuaa menziesii (Mirbel) Franco.) forests. Precipitation averages 
50 cm annually.
METHODS
Baseline vegetation studies were initiated on the TRM Ranch in 1987 (Offerdahl 1989).
Offerdahl (1989) identified 22 distinct plant communities. Subsequent to Offerdahl’s vegetation 
studies, 5 cattle and wildlife exclosures were established in 7 dominant plant communities in 1987 
to monitor change in vegetation due to exclusion of grazing by cattle (just wild ungulate grazing)
2 Bob Peebles, May 14, 1996. Ranch Manager, Theodore Roosevelt Memorial Ranch, Dupuyer, 
Montana.
and by excluding both cattle and wild ungulates (no ungulate grazing). Each grazing exclosure 
was established in a site with a plant community or plant community types that were of primary 
interest in monitoring. The major plant communities represented in the exclosures were aspen 
(PoduIus tremuloides Michx ). bluebunch wheatgrass (Pseudoroeanaria spicata (Pursh) Love), 
shrubby cinquefoil (Potentilla fruticosa L.) /rough fescue (Festuca scabrella Torr.L shrubby 
cinquefoil/Parry's danthonia (Danthonia oarrvi Scribn.L moist hay meadows, dry hay meadows, 
and a shrub community dominated by serviceberry (Amelanchier alnifolia Nutt.) and chokecherry 
(Prunus virainiana L.) (Offerdahl 1989). In 4 plant communities, “paired exclosures” were 
established, with one area excluding cattle (three strand barbed wire fence) and the other area 
excluding both cattle and wild ungulates (net wire fence 3.2 meters high). The area selected for 
either the exclusion of only cattle or for the exclusion of both cattle and wild ungulates was 
determined randomly in 1987 by the flip of a coin. Areas adjacent to the exclosures were utilized 
as a third treatment (cattle and wild ungulate grazing). A fifth grazing exclosure, only excluding 
cattle, was established along Dupuyer Creek. This exclosure was not “paired” because it was 
believed that the maintenance of the net wire exclosure, necessary to exclude the wild ungulates, 
would have been difficult and expensive since a portion of the often flooding Dupuyer Creek 
flowed through this site.
In each grazing treatment 5 transects were established. Plot frames (0.44 m2), divided into 100 
equal squares, were used to measure frequency. Species were counted as present or absent 
within each square and presence was totaled to give a frequency count. Each transect was 
sampled by systematically placing 5 plot frames along the transect at given intervals. Different 
numbers of transects were established in each community: 40 transects were sampled in aspen 
stands, 9 in the bluebunch wheatgrass communities, 30 in the shrubby cinquefoil/rough fescue 
communities, 15 in the shrubby cinquefoil/Parry's danthonia communities, 25 in the moist hay 
meadows, 10 in the dry hay meadows and 25 in the shrub communities. The number of transects
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sampled within each community was determined by size and the number of communities 
sampled.
Relative frequency was analyzed by grouping the species according to grazing response 
(increaser. decreaser, and invader) as described in the Natural Resource Conservation Service 
range site guides (U.S. Department of Agriculture 1995). Increasers are species that are 
expected initially to increase with grazing, decreasers are species that are expected to decrease 
with grazing, and invaders are species that are expected to invade with grazing (Table 2.1). Data 
were analyzed for differences in relative frequency (frequency of each grazing response grouping 
divided by total frequency of all groups along the transect) among grazing treatments and plant 
communities. Differences between treatments were determined using an orthogonal contrast 
(Sokal and Rohlf 1995).
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Table 2.1. Most common increasers, decreasers and invaders for 7 plant communities on 
the TRM Ranch, Dupuyer, Montana. Species are ranked by abundance.
Plant Communitv Increasers Decreasers Invaders
Aspen
Bluebunch
Wheatgrass
Shrubby Cinquefoil/ 
Rough Fescue
Po p u Ius tremuloides 
SvmDhoricarpos albus 
Rosa woodsii
Balsamorhiza saaittata 
SvmDhoricarpos albus 
Pascopvrum smithii
Danthonia parrvi 
Galium boreale 
Potentilla fruticosa
Salix bebbiana 
Cornus stolonifera 
Lathvrus ochroleucus
Vicia americana 
Pseudoroeanaria spicata 
Prunus virainiana
Festuca scabrella 
Aaropvron caninum 
Trifolium lonaipes
Phleum pratense 
Arctium minus 
Taraxacum officinale
Phleum pratense 
Alvssum alvssoides 
Cerastium arvense
Phleum pratense 
Cerastium arvense 
Poa pratensis
Shrubby Cinquefoil/ 
Parry's Danthonia
Moist Hay Meadow
Dry Hay Meadow
Danthonia parrvi 
Selaainella densa 
Festuca idahoensis
Pascopvrum smithii 
Galium boreale 
Juncus balticus
Pascopvrum smithii 
Carex species 
Achillea millefolium
Festuca scabrella 
Liatris punctata 
Vicia americana
Stipa viridula 
Geranium viscosissimum 
Trifolium lonaipes
Stipa viridula 
Trifolium lonaipes 
Vicia americana
Orthocarpus luteus 
Monarda fistulosa 
Plantaao lanceolata
Phleum pratense 
Festuca pratensis 
Taraxacum officinale
Bromus inermis 
Cvnoalossum officinale 
Taraxacum officinale
Shrubs Rosa woodsii 
SvmDhoricarpos albus 
Balsamorhiza saaittata
Amelanchier alnifolia 
Prunus virainiana 
Geranium viscosissimum
Urtica dioica 
Monarda fistulosa 
Phleum pratense
One-way analysis of variance (ANOVA) tests were used to analyze differences in relative 
frequency as influenced by grazing treatment for each community. When necessary, the data 
were transformed to meet the assumptions of an ANOVA using either a natural log, log base 10, 
square root, square, reciprocal of square root, cube, or arcsine transformation (Sokal and Rohlf 
1995).
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RESULTS
The effects of grazing treatment on relative frequency of increasers, decreasers, and invaders 
varied among plant communities. Total exclusion of ungulate grazing affected the relative 
frequency of species in 3 communities. Changes in the relative frequency of increasers, 
decreasers, and invaders occurred in the bluebunch wheatgrass (p < 0.05), shrubby 
cinquefoii/Parry's danthonia (p < 0.10), and moist hay meadow communities (p <0.10) (Figs. 2.1, 
2.2 and 2.3). Relative frequency of invaders was typically lower in areas that were protected from 
ungulate grazing while relative frequency of increasers and decreasers was higher.
u S0%
Grazed by
■  Cattle & Wild Ungulates
Wild Ungulates
□  None
Increasers Decreasers _ 
Grazing Response
Figure 2.1. Mean relative frequency (+/-1 S.E.) of species grouped as increasers. decreasers 
and invaders as influenced by grazing treatment in bluebunch wheatgrass 
communities. (Bars with different letters over them are significantly different 
(p < 0.05)).
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Grazed by
Cattle & Wild Ungulates 
Wild Ungulates
□  N one
<0 40%
Increasers  Decreasers___
Grazing Response
Invaders
Figure 2.2. Mean relative frequency (+/-1 S.E.) of species grouped as increasers, decreasers 
and invaders as influenced by grazing treatment in shrubby cinquefoil/Parry's 
danthonia communities. (Bars with different letters over them are significantly different 
( p  <  0 . 1 0 ) ) .
Grazed by 
Cattle & Wild Ungulates 
Wild Ungulates 
□  None
t« 40%
Increasers  Decreasers __
Grazing Response
Invaders
Figure 2.3. Mean relative frequency (+/-1 S.E.) of species grouped as increasers. decreasers and 
invaders as influenced by grazing treatment in moist hay meadow communities. (Bars 
with different letters over them are significantly different (p < 0.10)).
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In 4 plant communities, areas grazed just by wild ungulates had different proportions of 
increasers, decreasers, and invaders compared to areas grazed by both cattle and wild 
ungulates. Aspen (p < 0.10), shrubby cinquefoil/Parry's danthonia (p < 0.10), moist hay meadow 
(p <0.10) and shrub communities (p < 0.001) were affected significantly by different types of 
grazing. Relative frequency of increasers was higher in the areas where just wild ungulates 
grazed in the moist hay meadow communities (Fig. 2.3). Decreasers responded to cattle and wild 
ungulate grazing by having a lower frequency than in areas subjected to just wild ungulate grazing 
in the shrubby cinquefoil/Parry's danthonia and shrub communities (Figs. 2.3 and 2.4). However, 
in the aspen communities, relative frequency of decreasers was lower in the areas where just wild 
ungulates grazed (Fig. 2.5). Relative frequency of invaders was higher in areas subjected to both 
cattle and wild ungulate grazing compared to the other treatments (Figs. 2.2, 2.3 and 2.4).
Relative frequency of increasers, decreasers and invaders was not significantly different among 
grazing treatments in the shrubby cinquefoil/rough fescue and dry hay meadow communities 
(Figs. 2.6 and 2.7).
1 0 0 %
cr
o
G razed by
■  Cattle & Wild Ungulates
■  Wild Ungulates 
□  None
0%
Increasers
G ra z in g  R e s p o n s e
Decreasers Invaders
Figure 2.4. Mean relative frequency (+/-1 S.E.) of species grouped as increasers, decreasers 
and invaders as influenced by grazing treatment in shrub communities.(Bars with 
different letters over them are significantly different (p < 0.001))
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Grazed by 
■ Cattle & Wild Ungulates
■ Wild Ungulates 
□ None
QJ 40%
0) 2 0 %
Increasers Decreasers Invaders
G ra z in g  R e s p o n s e
Figure 2.5. Mean relative frequency (+/-1 S.E.) of species grouped as increasers, decreasers 
and invaders as influenced by grazing treatment in aspen communities.(Bars with 
different letters over them are significantly different (p < 0.10)).
<0 2 0 %
Grazed by
■  Cattle & Wild Ungulates
■ Wild Ungulates 
□  None
m
Increasers Decreasers Invaders
G ra z in g  R e s p o n s e
Figure 2.6. Mean relative frequency (+/-1 S.E.) of species grouped as increasers, decreasers 
and invaders as influenced by treatment in the shrubby cinquefoil/rough fescue 
communities.
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I G ra z e d  by
■  Cattle & W ild Ungulates
■  W ild Unguiates
In c re a s e rs __________ D e c re a s e rs ____________ In vad ers
G ra z in g  R e s p o n s e
Figure 2.7. Mean relative frequency (+/-1 S.E.) of species grouped as increasers, decreasers 
and invaders as influenced by grazing treatment in the dry hay meadow 
communities.
DISCUSSION
The findings of this study indicate that grazing by both cattle and wild ungulates has affected 
plant community composition as grouped by increasers, decreasers, and invaders on the TRM 
Ranch. The proportion of invaders present in grazed areas increased while the proportion of both 
increasers and decreasers declined. The change in frequency for invaders and decreasers is 
similar to results seen elsewhere (Johnston and others 1971, Smoliak 1965, Jorgansen 1993). 
However, the decline in increasers was unexpected; increasers tend to initially increase with 
grazing pressure. The high proportion of highly palatable increasers, including western 
wheatgrass (Pascopvrum smithii (Rudb.) A. Love), aspen, and arrowleaf balsamroot 
(Balsamorhiza saaittata (Pursh) Nutt.) (Muegglerand Stewart 1980) may have lead to 
concentrated, intense grazing pressure, thus leading to an overall decline in frequency.
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Generally, those species considered decreasers for these sites by the NRCS decreased with 
grazing. Jorgansen (1993) found that the proportion of rough fescue present, the dominant 
decreaser, decreased significantly with elk grazing on the Sun River Wildlife Management Area. In 
southeastern Alberta, Smoliak (1965) found that grazing decreased the proportion of green 
needlegrass (Stipa viridula Trin.) present. Johnston and others (1971) reported a decrease of 
rough fescue and an increase in Parry's danthonia with livestock grazing in southwestern Alberta. 
On the TRM Ranch, the majority of decreasers were species that are very palatable to both cattle 
and elk, including rough fescue, American vetch (Vicia americana Muhl.1 and sticky geranium 
(Geranium viscosissimum F. & M.) (Mueggler and Stewart 1980).
As expected, areas grazed by both cattle and wild ungulates increased in proportion of invaders 
in all plant communities. Species grouped as invaders typically are not palatable or preferred, thus 
they tend to increase with grazing (Evanko and Peterson 1955) as the more palatable plants 
become less competitive because they are being selectively grazed. Despite the palatability of 
some invasive species, the physiology of invaders allows for rapid growth and expansion, 
especially after soil disturbance by grazing opens up resource niches (Pieper 1994). On the TRM 
Ranch, some invader species, including common timothy (Phleum pratense D .  common 
dandelion (Taraxacum officinale Weber), and Kentucky bluegrass (Poa pratensis L.), are very 
palatable species. The increase in palatable forage, however, is not desirable if this increase 
suppresses frequency of more nutritional species such as bunchgrasses which provide forage for 
wintering ungulates.
Under cattle and wild ungulate grazing, decreasers typically had a lower frequency than in areas 
subjected to just wild ungulate grazing. Decreaser species such as rough fescue, American vetch 
and serviceberry are typically very palatable to both cattle and wild ungulates (Mueggler and 
Stewart 1980) and the high grazing pressure exerted by both groups may have caused the
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decline in frequency. Invader species were significantly more abundant in areas grazed by both 
animal groups. The intense grazing pressure, in addition to the trampling, may have created more 
bare ground and therefore more space for these species in the community.
Because classification of plant species into a grazing response category is difficult and varies 
according to the composition of the plant community, further analyses will be done to determine 
specific changes in individual species cover, as well as community diversity and richness. The 
results from these analyses should provide more detailed information on the effects of exclusion 
of cattle and wild ungulate grazing on the plant communities of the TRM Ranch.
CONCLUSION AND IMPLICATIONS
The effects of cattle and wild ungulate grazing on plant community composition varied by each 
community, but some general trends were apparent. Areas subjected to both cattle and wild 
ungulate grazing had a higher proportion of invaders present and a lower proportion of increasers 
and decreasers present compared to the other treatments. Although grazing by both cattle and 
wild ungulates affects community composition, the proportional effect varied by community. For 
example, cattle and wild ungulate grazing led to a significantly different community composition in 
the shrub community, whereas just wild ungulate grazing dramatically influenced the aspen 
community. Grazing by domestic animals should be managed to maintain the productivity and 
vigor of the most sensitive or important communities in a pasture.
For ranches on the Rocky Mountain Front that are interested in managing for both livestock 
production and wildlife habitat, grazing regimes should be designed with these effects in mind. 
From this research, we suggest that cattle grazing be managed carefully in the bluebunch 
wheatgrass, shrubby cinquefoil/Parry's danthonia, moist hay meadow, and shrub communities, 
where they are having the most effect. Ultimately, the goal is to implement a grazing regime for
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the TRM Ranch that will maintain quality wildlife habitat and productive livestock forage. Through 
demonstration of successful integration of both products, we hope to provide a model for other 
ranches on the Rocky Mountain Front.
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PLANT COMMUNITY RESPONSE TO EXCLOSURE FROM 
CATTLE AND WILD UNGULATE GRAZING IN NORTHCENTRAL
MONTANA1
ABSTRACT
The effects of mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), elk 
(Cervus elaphus), and cattle (Bos taurus) grazing on plant communities were investigated using 
cattle and wild ungulate exclosures on the Theodore Roosevelt Memorial Ranch, near Dupuyer, 
Montana. The exclosures and adjacent sites were utilized to measure plant community attributes 
associated with the 3 grazing treatments: 1) cattle and wild ungulate grazing, 2) just wild ungulate 
grazing, and, 3) no ungulate grazing for a period of 7 years. Variables measured included species 
frequency, diversity, and richness in 7 plant communities. Species diversity and richness varied 
by community, however, in most communities richness and diversity were higher in areas 
subjected to both cattle and wild ungulate grazing. Higher species diversity and richness was 
largely associated with a higher frequency of exotic species. The most valuable forage species 
for both cattle and elk, rough fescue (Festuca scabrella Torr.), was consistently lower in areas 
subjected to both cattle and wild ungulate grazing but not in areas subjected to just wild ungulate 
grazing. Although some general trends were apparent, the influence of grazing treatment on 
species frequency, diversity, and richness varied by community and management 
recommendations must be developed with this in mind.
1 Written for submission for publication to the Journal of Range Management.
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INTRODUCTION
Wildlife and livestock have co-occupied the ranges of Montana since the early 1870s. Livestock 
grazing is a traditional use of many federal and private lands in the western United States and is 
vital to the culture and economy of many people and communities. At least 70 percent of the land 
area of the 11 western U.S. is subject to livestock grazing at least seasonally (Mackie 1978). 
Livestock may have significant influences on wildlife and wildlife habitat. Smith (1977) suggests 
that livestock grazing is the single most important factor limiting wildlife production in the west. 
Livestock influence wildlife habitat by modifying: 1) plant biomass, 2) structural components such 
as plant height and cover, 3) plant species composition, and 4) ecosystem function (Kie and Loft 
1990, Fleischner 1994). Indirect impacts of livestock on wildlife habitat include: 1) reduction in the 
vigor of plants and reduction in the amount and quality of forage available, 2) harm to plants such 
that future forage supplies might be reduced, and, 3) reduction or elimination of important cover 
types (Mackie 1978). Wild ungulates such as deer (Odocoileus species) and elk (Cervus 
elaphus) can also significantly change habitat characteristics for livestock by reducing the amount 
of forage available as well as changing plant composition and structure (Smith 1949, Hall 1955, 
Harvey 1980, Kie and Loft 1990, Jorgansen 1991). An understanding of the effects of livestock 
grazing, and the interaction of livestock grazing with wild ungulate grazing, is key in determining 
grazing regimes which provide for livestock production, wildlife habitat, and productive plant 
communities.
STUDY SITE
The study site is located on Theodore Roosevelt Memorial (TRM) Ranch. The TRM Ranch is 
located in Teton County, Montana, between the towns of Browning and Choteau, along the Rocky 
Mountain Front. Annual average precipitation is 50 cm. Vegetation consists of a gradation from 
Fescue Prairie through the limber pine (Pinus flexilis James) type into the Douglas-fir 
(,Pseudotsuga menziesii (Mirbel) Franco.) forest as elevation and precipitation increase. In
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addition to producing livestock, the ranch provides habitat for large herds of wild ungulates. The 
ranch owns and grazes approximately 120 cow/calf pairs during the summer months and leases 
summer grazing for an additional 200 cow/calf pairs. Mule deer (Odocoileus hemionus), white­
tailed deer (Odocoileus virginianus) and elk use the ranch extensively, primarily in the winter2. 
During the winter, mule deer numbers range from 2000 to 3000 on the TRM and surrounding 
ranches. Elk numbers on and around the ranch range from 200 during the summer months to 600 
in the fall and winter months. Due to the small numbers of white-tailed deer in the area, 80 to 100 
animals, the effects of these animals on the plant communities of the ranch is negligible.
METHODS
In 1987, 4 paired exclosures and 1 unpaired exclosure were established on the ranch to 
monitor change in vegetation due to exclusion of grazing by both cattle and cattle and wild 
ungulates. Exclosures were paired into 2 sections: 1 section excluded cattle and the other section 
excluded both cattle and wild ungulates. One unpaired exclosure excluded cattle only. The 
exclosures created treatment areas that were: 1) grazed by both cattle and wild ungulates, 2) 
grazed by wild ungulates only, and, 3) excluded from all ungulate grazing for a period of 7 years. 
The cattle and wild ungulate grazing treatment will hereafter be referred to as "combined grazing" 
in the text. Exclosures varied from 1 to 4 acres in size. The major plant communities represented 
in the exclosures (exclosures generally had more than one plant community present) were aspen 
(Populus tremuloides Michx.), bluebunch wheatgrass (Pseudoroegnaria spicata (Pursh) Love), 
shrubby cinquefoil (Potentilla fruticosa L.) /rough fescue (Festuca scabrella Torr.), shrubby 
cinquefoil/Parry's danthonia (Danthonia parryi Scribn.), moist hay meadows, dry hay meadows, 
and a shrub community dominated by serviceberry (Amelanchier alnifolia Nutt.) and chokecherry 
(Prunus virginiana L.) (Offerdahl 1989).
2 Bob Peebles, Personal Communication, 16 May, 1996.
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In each grazing treatment, 5 transects were established. Plot frames (0.44 m2), divided into 100 
equal squares, were used to measure frequency. Species were counted as present or absent 
within each square, and presence was totaled to give a frequency count. Frequency of bare 
ground and litter were also reported. Each transect was sampled by systematically placing 5 plot 
frames along the transect at given intervals. The number of transects established varied by plant 
community: 40 transects were sampled in aspen stands, 9 in the bluebunch wheatgrass 
community, 30 in the shrubby cinquefoil/rough fescue community, 15 in the shrubby 
cinquefoil/Parry's danthonia community, 25 in the moist hay meadows, 10 in the dry hay meadows 
and 25 in the shrub communities. The number of transects sampled within each community was 
determined by size and the number of communities sampled.
Data were analyzed for differences in average frequency and relative frequency (the frequency 
of each species divided by the total frequency of all species present in the community), species 
richness (number of species present in a given area), and species diversity (a measure of both 
species richness and species evenness) by species among grazing treatments and plant 
communities. Frequency of bare ground and litter could not be tested in most communities due to 
inability to meet analysis of variance (ANOVA) or Kruskal-Wallis test assumptions. Species 
diversity was computed using the Shannon-Wiener diversity index (Barbour et al. 1987). This 
diversity index increases with the number of species (richness) and how evenly those species are 
spread throughout a community (evenness). One-way ANOVAs were used to analyze differences 
in average frequency, relative frequency, species richness, and diversity as influenced by 
treatment for each plant community. Differences between treatments were determined using an 
orthogonal contrast (Sokal and Rohlf 1995). If data did not meet the assumptions of an ANOVA, 
the data were transformed using either a natural log, log base 10, square root, square, cube, 
reciprocal of the square root, or arcsine transformation (Sokal and Rohlf 1995).
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RESULTS AND DISCUSSION
Since piant communities responded differentially to grazing treatment, each community is 
discussed separately. Bare ground and litter values are reported in Table 3.1.
Table 3.1. Mean frequency (%) ( 1 S.E.) of litter and bare ground as influenced by grazing 
treatment in 7 plant communities with Kruskal-Wallis test p values.
GRAZING TREATMENT
Plant Community Cattle and Wild Ungulates Wild Ungulates No Grazing P value
Aspen
litter 89 (4) 100 (0) 98 (2) 0.0220'
bareground 11 (4) 1 (0) 1 (0) 0.0002*
Bluebuncn Wheatgrass
litter 62 (4) 84 (6) 96 (0) 0.0273'
bareground 38 (4) 17 (6) 2 (1) 0.0273
Shrubby Cinquefoil/
Rough Fescue
litter 92 (3) 99 (0) 100 (0) 0.0008*
bareground 9 (3) 1 (0) 1 (0) 0.0264"
Shrubby Cinquefoil/
Parry’s Danthonia
litter 96 (1) 100 (0) 99 (1) 0.0258'
bareground 1 (0) 1 (0) 1 (0) 0.5836'
Moist Hay Meadow
litter 70 (8) 99 (0) 100 (0) 0.0001'
bareground 1 (0) 1 (0) 1 (0) 0.6403'
Dry Hay Meadow
litter 92 (5) 99 (1) NA 0.1475'
bareground 3 (1) 1 (0) NA 0.0193'
Shrubs
litter 97 (1) 100 (0) 98 (2) 0.0021'
bareground 1 (0) 1 (0) 1 (0) 0.3012*
'Symmetrical distribution requirements could not be achieved to run the Kruskal-Wallis test.
Aspen Communities
Relatively few differences in species composition were found in aspen communities between 
grazing treatments (Tables 3.2 and 3.3). Sticky geranium (Geranium viscosissimum F. & M.), 
reported to respond to grazing by decreasing (U.S. Department of Agriculture 1995), had a lower 
frequency in areas with combined grazing and species grouped as increasers or invaders (woods 
strawberry (Fragaria vesca L.) and common dandelion (Taraxacum officinale Weber)) had a
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higher frequency in areas with combined grazing. Similarly, Willms et al. (1985) reported that 
common dandelion comprised a higher proportion of the community with increased grazing 
pressure on rough fescue grasslands in Alberta. The results found in this study are surprising 
since wild ungulates and cattle tend to concentrate in aspen stands because they are usually 
highly productive and provide thermal and hiding cover (Dealy et al. 1981).
Table 3.2. Mean frequency (1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in aspen communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing
Forbs
Fragaria vesca 
Geranium viscosissimum 
Taraxacum officinale 
Trifolium longipes
3.90a (1.10) 1.43b (0.54) 
0.30a (0.15) 1.67b (0.38) 
7.18a (0.83) 4.43ab (0.68) 
1.54a (0.50) 0.40b (0.13)
1.57ab (0.41) 
1.77b (0.56) 
3.92b (0.78) 
0.75ab (0.16)
Means followed by similar letters are not significantly different (p < 0.05).
Table 3.3. Mean relative frequency (%) (1 S.E.) of plant species with significant differences (p < 
0.05) as influenced by grazing treatment in aspen communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing
Forbs
Trifolium longipes 
Trees
Populus tremuloides
0.77a (0.21) 0.22b (0.07) 
42.17a (1.56) 39.82a (1.91)
0.49a (0.11) 
32.52b (2.40)
Means followed by similar letters are not significantly different (p < 0.05).
Although species diversity was not significantly different among grazing treatments, species 
richness was (Figs. 3.1 and 3.2). The higher species richness in the combined grazing treatment 
(p < 0.05) appears to be due to a higher frequency of increasers and invaders. Aspen is one of 
the most common increasers in these communities. Gruell and Loope (1974) reported heavy use
39
of aspen by elk but little use by cattle in northwestern Wyoming.
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Figure 3.1. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity index) 
by grazing treatment in aspen communities.
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Figure 3.2. Mean species richness (+/-1 S.E.) by grazing treatment in aspen communities. (Bars 
with different letters over them are significantly different from each other (p < 0.05)).
Bluebunch Wheatgrass Communities
Species frequency and relative frequency was significantly different between grazing 
treatments (p< 0.05) in the bluebunch wheatgrass communities for 10 and 6 species, respectively 
(Tables 3.4 and 3.5). Threadleaf sedge (Carex filifolia Nutt.) increased with combined grazing 
while northern bedstraw (Galium boreale L.) decreased with combined grazing. Mueggter and 
Stewart (1981) reported that threadleaf sedge is most abundant in low productivity bluebunch
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wheatgrass communities while northern bedstraw is most abundant in high productivity 
communities.
Table 3.4. Mean frequency (1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in bluebunch wheatgrass communities.
GRAZING TREATMENT
Plant Species___________ Cattle and Wild Ungulates Wild Ungulates No Grazing
Grasses and Grass-like
Carex filifolia 3.60a (0.46) 1.40ab (0.87) 0.00b (0.00)
Festuca idahoensis 4.27a (1.05) 5.87a (2.49) 11.33a (0.68)
Forbs
Achillea millefolium 9.67a (0.24) 3.47a (0.41) 32.60b (0.23)
Chrysopsis villosa 0.00a (0.00) 10.67b (2.43) 13.47b (0.58)
Erigeron caespitosus 11.003 (5.30) 3.73ab (1.46) 0.53b (0.53)
Galium boreale 2.47a (1.27) 14.53b (1.96) 26.87c (2.54)
Liatris punctata 2.93a (1.05) 11.00b (0.42) 0.00a (0.00)
Phlox albomarginata 1,53ato (1.07) 8.73a (3.14) 0.33b (0.33)
Vicia americana 4.07a (2.43) 5.40a (2.77) 18.60b (2.27)
Other
bareground 37.87a (3.82) 16.47ab (5.54) 2.27b (1.16)
Means followed by similar letters are not significantly different (p < 0.05).
Table 3.5. Mean relative frequency (%) ( 1 S.E.) of plant species with significant differences (p < 
0.05) as influenced by grazing treatment in bluebunch wheatgrass communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates_________ No Grazing
Grasses and Grass-like
Carex filifolia 1 41a (0.22) 0.47b (0.28) 0.00b (0.00)
Phleum pratense 26.88a (2.03) 25.99a (1.09) 16.29b (1.90)
Forbs
Achillea millefolium 3.60a (1.42) 1.14a (0.42) 8.77b (0.75)
Galium boreale 1.00a (0.55) 4.70b (0.48) 7.48° (1.18)
Liatris punctata 1.12a (0.40) 3.58b (0.13) 0.00c (0.00)
Means followed by similar letters are not significantly different (p < 0.05).
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Bare ground was significantly higher in the areas subjected to grazing (p < 0.05), with the 
highest frequency in areas with combined grazing (Table 3.4). Bare ground frequency has 
commonly been reported as higher in grazed areas compared to ungrazed areas (Long and Irwin 
1982, Jorgansen 1993, Singer 1995). Grazing can have a significant effect on productivity of 
bluebunch wheatgrass communities through its effect on bare ground and litter accumulation. 
Sauer (1978) reported that litter appeared to be beneficial to bluebunch wheatgrass. Similarly, 
Willms et al. (1986) found that following litter removal, forage yields of bluebunch wheatgrass 
decreased. When ungrazed, bluebunch wheatgrass will accumulate standing dead material 
around the plant which appears to increase productivity by reducing air movement which favors a 
reduced vapor pressure deficit at the leaf surface and reduced water stress in the plant tissues.
Although there were species frequency differences, species diversity and richness were not 
significantly different (Figs. 3.3 and 3.4 ). From the differing performances of species in this 
community, it is difficult to determine the condition of these communities on the TRM Ranch.
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Figure 3.3. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity index) 
by grazing treatment in bluebunch wheatgrass communities.
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Figure 3.4. Mean species richness (+/-1 S.E.) by grazing treatment in bluebunch wheatgrass 
communities.
Shrubby Cinquefoil/Rough Fescue Communities
Frequency was significantly different between grazing treatments (p< 0.05) in the shrubby 
cinquefoil/rough fescue communities for 10 species (Tables 3.6 and 3.7). The most valuable 
forage species for livestock and wintering elk in these communities, rough fescue, was 2 times 
greater in the areas grazed just by wild ungulates. In these communities, a decrease in rough 
fescue is usually accompanied by an increase in Parry’s danthonia, a less palatable and less 
productive species (Moss and Campbell 1947, Johnston 1961, Willms et al. 1985). Campbell et 
al. (1962) found that heavy grazing throughout the summer caused a decrease in rough fescue 
and an increase in weedy species. Surprisingly, frequency of species commonly classified as 
increasers (common yarrow (Achillea millefolium L.), tall pussytoes (Antennaria anaphaloides 
Rydb.) and shrubby cinquefoil) was higher in areas protected from grazing. Mueggler and Stewart 
(1980) reported that shrubby cinquefoil is not used to any extent by livestock or big game and 
tends to increase with grazing. The lower frequency of shrubby cinquefoil in the combined and 
just wild ungulate grazing treatments may be a result of browsing by livestock and ungulates. 
Unless the range is on a rest-rotation management system, use of this shrub indicates 
overgrazing (Mueggler and Stewart 1980). McLean and Tisdale (1972) and Green and Kauffman
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(1995) reported common yarrow to be more frequent with protection from grazing on rough fescue 
grasslands in British Columbia and meadow communities in Oregon, respectively. In this study, 
woods rose (Rosa woodsii Lindl.) frequency was lower in areas grazed by cattle and wild 
ungulates. This may be due to heavy use by livestock, deer and elk. Skovlin et al. (1968) 
reported that rose species received considerable late summer and fall use by wild ungulates in 
Oregon.
Table 3.6. Mean frequency ( 1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in shrubby cinquefoil/rough fescue communities.
GRAZING TREATMENT
Plant Species____________Cattle and Wild Ungulates Wild Ungulates________ No Grazing
Grasses and Grass-like
Festuca scabrella 19.80a (3.40) 41,64b (3.88) 45.86b (7.16)
Pascopyrum smithii 17.40a (3.13) 2.88b (0.80) 3.60a (1.03)
Forbs
Achillea millefolium 5.68a (1.79) 17.92b (4.08) 13.56ab (2.99)
Antennaria anaphaloides 1.58a (0.46) 6.36b (0.74) 9.88b (1.50)
Arnica sororia 0.62a (0.43) 2.90b (0.72) 0.50a (0.17)
Solidago missouriensis 5.54a (2.03) 1.66b (0.53) 1.20b (0.22)
Taraxacum officinale 0.30a (0.15) 1.40b (0.37) 1.16ab (0.43)
Vicia americana 0.50a (0.22) 5.38b (1.26) 2.78b (0.60)
Shrubs
Potentilla fruticosa 15.76a (1.82) 17.94ab (2.63) 24.48b (2.59)
Rosa woodsii 2.52a (0.66) 1.00a (0.23) 5.52b (1.01)
Means followed by similar letters are not significantly different (p < 0.05 level).
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Table 3.7. Mean relative frequency (%) ( 1 S.E.) of plant species with significant differences 
(p < 0.05) as influenced by grazing treatment in shrubby cinquefoil/rough fescue 
communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing
Grasses and Grass-like 
Festuca scabrella 
Pascopyrum smithii 
Shrubs
Potentilla fruticosa
5.92a (0.98) 12.10b (0.98) 13.10b (1.70)
5.12a (0.87) 1.12b (0.33) 1.26b (0.41)
4.83a (0.66) 5.12a (0.67) 7.16b (0.68)
Means followed by similar letters are not significantly different (p < 0.05).
Species diversity was highest in the areas grazed just by wild ungulates {p < 0.05) (Fig. 3.5). 
Other studies have shown that light grazing may increase species diversity in rough fescue 
communities. Johnston (1961) found that light grazing on these grasslands in southwestern 
Alberta resulted in a more diverse flora dominated by Parry’s danthonia while protection from 
grazing encourage dominance by rough fescue. However, under heavy grazing, Trottier (1986) 
reported that low diversity Kentucky bluegrass (Poa pratensis L.) communities replaced native 
grasses on the rough fescue grasslands of Manitoba. Species richness was not significantly 
different among the grazing treatments (Fig. 3.6).
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Figure 3.5. Mean species diversity ( +/-1 S.E.) values (using the Shannon-Wiener diversity index) 
by grazing treatment in shrubby cinquefoil/rough fescue communities. (Bars with 
different letters over them are significantly different from each other (p < 0.05)).
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Figure 3.6. Mean species richness ( +/-1 S.E.) by grazing treatment in shrubby cinquefoil/rough 
fescue communities. (Bars with different letters over them are significantly different 
from each other (p < 0.05)).
Shrubby Cinquefoil/Parry's Danthonia Communities
Species frequency and composition differed between grazing treatments (p< 0.05) for several 
species in the shrubby cinquefoil/Parry's danthonia communities (Tables 3.8 and 3.9). Although 
rough fescue was more frequent in areas protected from grazing compared to areas subjected to 
combined grazing, it was also more frequent in areas grazed only by wild ungulates compared to 
those under total protection from ungulate grazing. Several studies have documented that high 
litter accumulations limit productivity in rough fescue (Harvey 1980, Willms et al. 1986). This may 
explain the lower frequency of rough fescue in the areas protected from grazing. Protection from 
grazing also had a significant effect on prairie junegrass (Koeleria cristata Pers.), which had a 
higher frequency in the combined grazing treatment compared to the wild ungulate grazing 
treatment and the no grazing treatment. In studies on rough fescue grasslands in British 
Columbia, McLean and Tisdale (1972) found prairie junegrass to generally have a higher 
frequency in grazed areas compared to areas protected from grazing. Prairie junegrass tends to 
increase with moderate grazing then decrease with heavier use (Mueggler and Stewart 1980). It 
is very palatable to both deer and elk (Miller et al. 1981). Additionally, forb frequency was 
generally lower with protection from grazing. Clary and Medin (1990) found forbs to respond
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negatively to protection from grazing in Nevada.
Table 3.8. Mean frequency ( 1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in shrubby cinquefoil/Parry's danthonia communities.
GRAZING TREATMENT
Plant Species__________ Cattle and Wild Ungulates Wild Ungulates_________ No Grazing
Grasses and Grass-like
Agropyron subsecundum 0.40a 0.24) 0.40a (0.40) 3.80b (1.12)
Carex filifolia 3.76a 1.18) 8.88b (1.26) 6.92ab (1.08)
Festuca scabrella 2.64a 0.40) 24.24b (4.43) 21,68b (5.27)
Koeleria cristata 2.60a 0.37) 0.20b (0.20) 1,64ab (0.63)
Pascopyrum smithii 1.16a 0.37) 5 40ab (1.68) 12.00b (2.37)
Forbs
Achillea millefolium 0.20a 0.20) 1.24a (0.43) 3.48b (0.57)
Androsace filiformis 1.32a 0.14) 0.20b (0.20) 0.80ab (0.20)
Arenaria congesta 3.36ab 0.61) 3.80a (0.58) 1.24b (0.43)
Campanula rotundifolia 0.80a 0.20) 3.20b (0.44) 1.28a (0.28)
Chrysopsis villosa 3.48a 1.14) 1,48ab (0.43) 0.20b (0.20)
Erigeron caespitosus 6.64a 1.93) 0.52b (0.33) 1.28b (0.56)
Gaillardia aristata 2.68a 0.52) 0.80b (0.20) 0.60b (0.24)
Galium boreale 4.48a 1.10) 18.56b (3.14) 18.72b (2.17)
Geum trifolium 0.20a 0.20) 1.36ab (0.74) 2.92b (0.92)
Lupinus sericeus 1.60a 0.61) 3.32ab (0.84) 7.44b (1.79)
Oxytropis campestris 4.44a 0.82) 1.24b (0.37) 0.40b (0.80)
Petalostemon purpureum 3.44a 0.71) 0.80b (0.20) 0.20b (0.20)
Phlox albomarginata 0 20ab 0.20) 0.00a (0.00) 1.04b (0.35)
Phlox hoodii 49.12a 4.73) 1.56b (0.96) 5.44b (2.41)
Plantago lanceolata 9.52a 2.80) 1.52a (0.78) 1.96a (1.30)
Shrubs
Artemisia frigida 2 72ab 0.45) 0.96a (0.74) 5.00b (1.29)
Potentilla fruticosa 4.16a 1.12) 19.44b (2.60) 14.28b (3.13)
Means followed by similar letters are not significantly different (p < 0.05).
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Table 3.9. Mean relative frequency (%) ( 1 S.E.) of plant species with significant differences (p < 
0.05) as influenced by grazing treatment in shrubby cinquefoil/Parry's danthonia 
communities.
GRAZING TREATMENT
Plant Species___________ Cattle and Wild Ungulates Wild Ungulates_________ No Grazing
Grasses and Grass-like
Carex filifolia 1.02a (0.32) 3.34b (0.44) 2.68b (0.47)
Danthonia parryi 18.14a (4.59) 35.68b (2.45) 29.59ab (2.19)
Festuca idahoensis 4.15a (0.54) 7.70b (1.00) 7.86b (0.79)
Pascopyrum smithii 0.32a (0.10) 2.01b (0.58) 4.64b (1.01)
Forbs
Androsace filiformis 0.35a (0.04) 0.07b (0.07) 0.31ab (0.08)
Arenaria congesta 0.88ab(0.13) 1.49b (0.31) 0.47a (0.16)
Campanula rotundifolia 0.23a (0.06) 1.19b (0.12) 0.49a (0.11)
Chrysopsis villosa 0.87a (0.22) 0.55a (0.14) 0.07b (0.07)
Gaillardia ahstata 0.70a (0.12) 0.31b (0.08) 0.24b (0.10)
Galium boreale 1.14a (0.21) 6.91b (0.89) 7.23b (0.99)
Phlox albomarginata 0.06a (0.06) 0.00a (0.00) 0.39b (0.12)
Phlox hoodii 13.26a (1.75) 0.53b (0.32) 2.01b (0.88)
Shrubs
Potentilla fruticosa 1.12a (0.32) 7.23a (0.62) 5.50b (1.30)
Means followed by similar letters are not significantly different (p < 0.05).
Although species diversity was not significantly different among grazing treatments (Fig. 3.7 ), 
areas with combined grazing had higher species richness values (p < 0.05) (Fig. 3.8 ).
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Figure 3.7. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity index) 
by grazing treatment in shrubby cinquefoil/Parry's danthonia communities.
48
W 70 
CO
CATTLE WILD UNGULATES NO
AND GRAZING
WILD UNGULATES
GRAZING TREATMENT
Figure 3.8. Mean species richness (+/-1 S.E.) by grazing treatment in shrubby cinquefoil/Parry's 
danthonia communities. (Bars with different letters over them are significantly different 
from each other (p < 0.05)).
Moist Hay Meadow Communities
Grazing treatment and cutting for hay influenced frequency of species in the moist hay 
meadows (Tables 3.10 and 3.11 ). Kauffman et al. (1983) found differences in species 
composition in grazed and ungrazed treatments after only 3 years in moist hay meadows in 
northeastern Oregon. In this study, protection from grazing resulted in a slightly higher proportion 
of Kentucky bluegrass. Conversely, other studies have cited an decrease in Kentucky bluegrass 
with protection from grazing (Volland 1978, Kauffman etal. 1983, Kauffman and Krueger 1984, 
Schulz and Lenninger 1990, Popolizio etal. 1994, Green and Kauffman 1995), causing 
displacement of native bunchgrasses and creating niches in which weedy species may establish. 
In a study in Wyoming, Pond (1961) reported that clipping native bunchgrass meadows caused a 
reduction in native species and allowed the invasion of Kentucky bluegrass. Haying activities in 
these meadows may be responsible for the response of Kentucky bluegrass. The hay is usually 
cut before the plants can disperse seeds, thus reducing the chance of reproduction and 
maintenance of the species in the community. Kentucky bluegrass is an important forage species 
for big game. Miller et al. (1981) found that communities dominated by Kentucky bluegrass
provided 51% of the big game diet from mid-May to June in northeastern Oregon. Frequency of 
common timothy (Phleum pratense L.) and redtop (Agrostis alba L.) decreased with protection 
from grazing. Both these species provide good forage for cattle, deer, and elk. Miller et al. (1981) 
reported that communities dominated by common timothy were the most important source of 
forage for big game from March to mid-May in northeastern Oregon. Overall, availability of good 
forage is still high with grazing, judging from the high frequency of American vetch (Vicia 
americana Muhl.), long-stalked clover (Trifolium longipes Nutt.), common timothy and redtop in 
the combined grazing treatment.
Table 3.10. Mean frequency (1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in moist hay meadow communities.
GRAZING TREATMENT
Plant Species____________Cattle and Wild Ungulates Wild Ungulates________ No Grazing
Grasses and Grass-like
Agrostis alba 30.28a (4.77) 0.60b (0.27) 3.46b (1.83)
Carex species 93.08a (3.39) 17.70b (6.41) 14.28b (5.75)
Phleum pratense 89.48a (2.80) 57.96b (6.22) 47.98b (4.45)
Poa pratensis 1.80a (0.64) 2.64a (0.86) 3.04a (1.48)
Forbs
Agoseris glauca 0.20a (0.20) 0.94a (0.48) 3.74b (0.92)
Dodecatheon conjugens 4.92a (0.94) 0.72° (0.37) 0.94b (0.33)
Fragaria vesca 5.20a (1.62) 0.98b (0.28 1.04b (0.47)
Galium boreale 7.68a (1.32) 25.80b (2.54) 32.08b (4.41)
Potentilla gracilis 3.60a (0.64) 2.80a (0.90) 10.28b (1.34)
Trifolium longipes 25.00a (6.06) 7.20b (2.31) 9.36b (3.18)
Vicia americana 7.96a (0.51) 7.84a (0.85) 4.10° (0.43)
Zigadenus elegans 1.64a (0.40) 2 i 0ab (0.94) 0.24b (0.16)
Zizia aptera 3.36a (1.00) 2.08ab (0.94) 0.78b (0.45)
Means followed by similar letters are not significantly different (p < 0.05).
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Table 3.11. Mean relative frequency (%) ( 1 S.E.)of plant species with significant differences 
(p < 0.05) as influenced by grazing treatment in moist hay meadow 
communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing
Grasses and Grass-like 
Carex species 16.933 (0.93) 5.04b (1.37) 3.94b (1-34)
Forbs
Taraxacum officinale 5.47a (0.69) 1.91b (0.62) 1.68b (0.40)
Means followed by similar letters are not significantly different (p < 0.05).
Although species diversity was not different between grazing treatments, species richness was 
higher in the areas grazed only by wild ungulates compared to the areas totally protected from 
grazing (p < 0.05) (Figs. 3.9 and 3.10).
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Figure 3.9. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity index) 
by grazing treatment in moist hay meadow communities.
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Figure 3.10. Mean species richness (+/-1 S.E.) by grazing treatment in moist hay meadow 
communities. (Bars with different letters over them are significantly different 
from each other (p < 0.05)).
Dry Hay Meadow Communities
Combined grazing resulted in a higher frequency of invader species musk thistle (Carduus 
nutans L.) ( p < 0.05), and Canada thistle (Cirsium arvense (L.) Scop.) (p< 0.05), black medic 
(Medicago lupulina L.) (p < 0.10), smooth brome (Bromus inermis Leys.) (p < 0.10), and bare 
ground (p <0.10) compared to areas protected from cattle grazing. Additionally, species diversity 
and richness were significantly higher (p< 0.05) with combined grazing (Figs. 3.12 and 3.13). 
Similarly, Green and Kauffman (1995) found higher species richness and diversity in areas with 
livestock grazing. Increase of species richness outside exclosures also occurred in meadows in 
Idaho (Hayes 1978) and Nevada (Clary and Medin 1990). The combined grazing pressure of 
both cattle and wild ungulates appears to be allowing invader species to invade into the 
community.
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Figure 3.11. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity 
index) by grazing treatment in dry hay meadow communities. (Bars with 
different letters over them are significantly different from each other (p < 0.05)
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Figure 3.12. Mean species richness (+/-1 S.E.) by grazing treatment in dry hay meadow 
communities. (Bars with different letters over them are significantly different from 
each other (p < 0.05)).
Shrub Communities
Areas subjected to combined grazing had a higher frequency of invader species common 
timothy, field morning-glory (Convulvulus arvensis L.), common hound’s tongue (Cynoglossum 
officinale L.) and blue stickseed (Hackelia micrantha) (Tables 3.12 and 3.13). Increaser species 
woods rose and common snowberry (Symphoricarpos albus (L.) Blake) also had a higher 
frequency in areas with grazing in the shrub communities. Similarly, in a study of cattle grazing in
riparian areas, Clary and Medin (1990) found that non-willow shrub biomass (currant species, 
rose species, and snowberry species) was higher in grazed areas. Frequency of valuable browse 
species, chokecherry, was lower with combined grazing. The amount of palatable forage 
available in the shrub communities has decreased due to grazing. However, species diversity and 
richness were not significantly different between grazing treatments (Figs. 3.13 and 3.14).
Table 3.12. Mean frequency ( 1 S.E.) of plant species with significant differences (p < 0.05) as 
influenced by grazing treatment in shrub communities.
GRAZING TREATMENT
Plant Species__________ Cattle and Wild Ungulates Wild Ungulates_______ No Grazing
Grasses and Grass-like
Phleum pratense 13.76a (3.10) 5.98 b (0.83) 1.14° (0.06)
Forbs
Achillea millefolium 0.40a (0.24) 2.24b (0.41) 0.92a (0.23)
Convolvulus arvensis 4.44a (1.19) 0.82b (0.43) 0.66b (0.27)
Cynoglossum officinale 10.28a (0.80) 2.42b (0.79) 1.18b (0.49)
Geranium viscosissimum 3.04b (0.75) 6.84a (0.94) 2.62b (0.78)
Hacklia micrantha 1.96a (0.38) 0.10b (0.10) 0.10b (0.10)
Shrubs
Prunus virginiana 6.08a (0.67) 16.70b (2.77) 14.20ab (2.08)
Rosa woodsii 49.44a (6.27) 22.76b (2.30) 22.70b (4.48)
Symphoricarpos albus 13.96a (1.53) 21.46a (3.34) 9.06b (0.80)
Means followed by similar letters are not significantly different (p < 0.05).
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Table 3.13. Mean relative frequency (%) ( 1 S.E.) of plant species with significant differences (p < 
0.05) as influenced by grazing treatment in shrub communities.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing
Forbs
Convolvulus arvensis 3.60a (1.02) 0.82b (0.41) 0.70b (0.28)
Cynoglossum officinale 8.10a (0.54) 2.26b (0.77) 1.26b (0.51)
Geranium viscosissimum 2.34a (0.51) 6.77b (1.30) 2.41a (0.69)
Hacklia micrantha 1.53a (0.27) 0.10b (0.10) 0.10b (0.10)
Means followed by similar letters are not significantly different (p < 0.05).
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Figure 3.13. Mean species diversity (+/-1 S.E.) values (using the Shannon-Wiener diversity 
index) by grazing treatment in shrub communities.
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Figure 3.14. Mean species richness (+/-1 S.E.) by grazing treatment in shrub communities.
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CONCLUSIONS
The effects of grazing by cattle and wild ungulates was highly variable among communities. 
Although species in each community responded differently to grazing among communities, some 
patterns are discernable. Species diversity and richness generally increased with grazing 
pressure. Milchunas et al. (1988) proposed that species diversity is closely tied to grazing 
intensity. The "intermediate-disturbance hypothesis" proposed a bell-shaped response of species 
diversity along a stress gradient- at one extreme, diversity is limited by stress and at the other by 
competitive exclusion (Heady 1994). If grazing intensity is low, then diversity is low because the 
most competitive species dominate. Diversity peaks at intermediate grazing intensities when the 
dominant species is suppressed but other species are not substantially affected. Of course, this 
model assumes that the dominant species are also the most palatable species. Mueggler (1984) 
further supported this view, stating that grazing may reduce palatable species dominance, 
permitting less abundant and less palatable species to increase, thus increasing species diversity. 
Additionally, West (1993) stated that moderate grazing intensities can enhance community 
diversity. Although grazing indeed strongly affects species diversity, other factors to be taken into 
account when looking at species diversity include evolutionary history of the site and climatic 
regimes (Milchunas et al. 1988).
Like species diversity, species richness is expected to increase in the presence of grazing; the 
competitive palatable plants would be grazed preferentially, their fitness would decrease and they 
would be replaced by other species. In the absence of grazing, species richness is expected to 
decrease due to the high competitive ability of the highly competitive palatable species. This 
hypothesis is supported by data from the aspen, shrub, shrubby cinquefoil/Parry's danthonia and 
dry hay meadow communities.
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Frequency of invader species was commonly lower in the areas protected from grazing. A 
common invader species, common dandelion, was lower in frequency when excluded from 
combined grazing in both the aspen and moist hay meadow communities. Reduced frequency of 
common dandelion in areas excluded from grazing also occurred in riparian areas in Oregon 
(Kauffman et al. 1983) and Colorado (Popolizio et al. 1994). Although common dandelion is an 
invader species, it is very palatable to cattle, deer and elk (Mueggler and Stewart 1980, Austin 
and Urness 1985). Another invader species, common timothy, was consistently less frequent 
when protected from grazing. These findings are consistent with Kauffman et al. (1983), who 
found that when protected from grazing, common timothy decreased and was being replaced by 
native sedges and forbs. Idaho fescue and Kentucky bluegrass were more frequent when 
protected from grazing. These three species are important to cattle and wild ungulates in the 
spring, when grass species account for a large portion of their diets (Edgerton and Smith 1971). 
Miller et al. (1981) reported that grass utilization was high by deer and elk during March, with 
common timothy, Idaho fescue and Kentucky bluegrass accounting for a majority of the diet.
The most valuable and widely distributed forage species for both cattle and elk on the TRM 
Ranch, rough fescue, was consistently lower in areas with combined grazing. It is a valuable 
species due to its high productivity, high forage quality compared to other grasses, and its deep 
root system that provides stability in annual forage yield, both in summer and after senescence 
(Johnston 1962). Results in this study are similar to those reported elsewhere involving rough 
fescue (Looman 1969, Johnston et al. 1971, McLean and Tisdale 1972, McLean and Wikeem 
1985, Willms 1991). As rough fescue cover declines with grazing, less desirable species replace 
it (Moss 1955), thus reducing the value of the grassland (Willms 1991). Commonly, as rough 
fescue declines, it is replaced by Parry’s danthonia (Moss and Campbell 1947, Willms et al.
1985), a less palatable and less nutritious species. Hodkinson and Young (1973) suggest that
when rough fescue makes up more than 15% of the total plant composition, it should become the
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key species for management. Mueggler and Stewart (1980) suggest that cattle grazing should 
always be keyed to the response of rough fescue in these communities.
Although areas subjected to cattle and wild ungulate grazing had a higher frequency of invader 
species and bare ground and a lower frequency of productive, palatable forage species such as 
rough fescue, the invader species may provide sufficient forage for both cattle and wild ungulates. 
However, invader species should not be maintained at the cost of palatable, more productive 
native plants. Future management should address the condition of individual plant communities 
and pastures in addition to tracking the presence of invader species and bare ground, thus 
managing for the maintenance of palatable, productive species for both cattle and wild ungulates.
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SUCCESSION AND CATTLE AND WILD UNGULATE GRAZING 
EFFECTS ON PLANT COMMUNITIES IN NORTHCENTRAL
MONTANA
ABSTRACT
The effects of exclusion of mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus 
virginianus), elk (Census elaphus), and cattle (Bos taurus) grazing and plant community change 
over time was investigated using cattle and wildlife exclosures on the Theodore Roosevelt 
Memorial Ranch, near Dupuyer, Montana. The exclosures and adjacent sites were utilized to 
measure plant community attributes associated with the 3 grazing treatments: 1) cattle and wild 
ungulate grazing, 2) just wild ungulate grazing, and, 3) no ungulate grazing for a period of 7 years. 
The effects of grazing treatment and time on relative frequency of increasers, decreasers, and 
invaders varied among plant communities. Commonly, relative frequency was differentially 
affected by grazing treatment in 1987/88 and 1995. Over all plant communities, time had a 
greater affect on community composition than did grazing treatment.
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INTRODUCTION
The effects of grazing are necessarily site-specific and depend on a number of interacting 
factors such as types of plant communities present, grazing history, types and numbers of animal 
species currently present, and site-specific biotic and abiotic conditions. When all other variables 
are kept constant, the effects of grazing commonly vary among plant communities. To develop 
current- day grazing regimes that mimic historical grazing regimes and maintain productive and 
vigorous plant communities, it is important to know the effects of grazing on each plant 
community. Few studies have quantified vegetation response over many years in different plant 
communities. The objective of this study was to determine changes in vegetation species 
composition over 7 years and in response to grazing by different animal groups in 6 plant 
communities. This information will be used to determine management options which provide for 
livestock production and wildlife habitat while maintaining productive plant communities.
STUDY SITE
The study site is located on the Theodore Roosevelt Memorial (TRM) Ranch. The TRM Ranch 
is located in Teton County, Montana, between the towns of Browning and Choteau, along the 
Rocky Mountain Front. Average annual precipitation is 50 cm. Vegetation consists of a gradation 
from Fescue Prairie through the limber pine (Pinus flexilis James) type into Douglas-fir 
(.Pseudotsuga menziesii (Mirbel) Franco.) forests as elevation and precipitation increase. In 
addition to producing livestock, the ranch provides habitat for large herds of wild ungulates. The 
ranch owns and grazes approximately 120 cow/calf pairs during the summer months and leases 
summer grazing for an additional 200 cow/calf pairs. Mule deer (Odocoileus hemionus), white­
tailed deer (Odocoileus virginianus) and elk (Cervus elaphus) use the ranch extensively, primarily 
in the winter1. During the winter, mule deer numbers range from 2000 to 3000 on the TRM and
' Bob Peebles, Personal Communication, 16 May, 1996.
64
surrounding ranches. Elk numbers on and around the ranch range from 200 during the summer 
months to 600 in the fall and winter months. Due to the small numbers of white-tailed deer in the 
area (80 to 100 animals), effects of these animals on the plant communities of the ranch is 
negligible.
METHODS
In 1987, 4 paired exclosures and 1 unpaired exclosure were established on the ranch to 
monitor change in vegetation due to grazing. The paired exclosures were split into two sections: 
one section excluded cattle and the other section excluded both cattle and wildlife. The unpaired 
exclosure excluded cattle only. The exclosures and adjacent sites created 3 grazing treatment 
areas: 1) cattle and wild ungulate grazing, 2) just wild ungulate grazing, and, 3) no ungulate 
grazing for a period of 7 years. The cattle and wild ungulate grazing treatment will hereafter be 
referred to as "combined grazing" in the text. Exclosures varied from 1 to 4 acres in size. Plant 
communities were selected to represent the 6 most common communities in the study area. Plant 
communities studied in each treatment were aspen (Populus tremuloides Michx.), bluebunch 
wheatgrass (Pseudoroegnaria spicata (Pursh) Love), shrubby cinquefoil (Potentilla fruticosa 
L.)/'rough fescue (Festuca scabrella Torr.), shrubby cinquefoil/Parry's danthonia (Danthonia parryi 
Scribn.), moist hay meadows, and a shrub community dominated by serviceberry (Amelanchier 
alnifolia Nutt.) and chokecherry (Prunus virginiana L.) (Offerdahl 1989). Transects were 
established and read in each community and treatment in 1987 and 1988. Plot frames (0.44m2) 
were used to measure frequency. In 1995, additional transects were established in each plant 
community and exclosure. Frequency was again measured using 0.44m2 plot frames, but they 
were divided into 100 equal squares to remove observer bias. Species presence or absence was 
recorded within each square and presence was totaled to give a frequency count. During 1987 
and 1988, 2 transects were sampled in the aspen stands, 6 in the bluebunch wheatgrass 
community, 12 in the shrubby cinquefoil/rough fescue community, 3 in the shrubby
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cinquefoil/Parry's danthonia community, 14 in the moist hay meadows, and 8 in the shrub 
communities. During 1995, 40 transects were sampled in aspen stands, 9 in the bluebunch 
wheatgrass community, 30 in the shrubby cinquefoil/rough fescue community, 15 in the shrubby 
cinquefoil/Parry's danthonia community, 25 in the moist hay meadows, and 25 in the shrub 
community. The number of transects sampled within each community was determined by size 
and the number of communities sampled.
Data were analyzed for differences in relative frequency (the frequency of each species divided 
by the total frequency of all species present in the community). Species were grouped as 
increasers, decreasers and invaders according to their response to grazing as indicated in the 
Natural Resource Conservation Service range site guides (U.S. Department of Agriculture 1995).
A two-way analysis of variance (ANOVA) was used to investigate the interaction between year 
and grazing treatment, just year and just grazing treatment. Differences between treatments 
were determined using an orthogonal contrast (Sokal and Rohlf 1995). When necessary, the data 
were transformed to meet the assumptions of an ANOVA using either a natural log, log base 10, 
square root, square, cube, reciprocal of the square root, or arcsine transformation.
RESULTS AND DISCUSSION
The effects of grazing treatment and time on relative frequency of increasers, decreasers, and 
invaders varied among plant communities.
Aspen Communities
Protection from grazing in the aspen communities resulted in an higher frequency of increasers 
and a lower frequency of decreasers since 1987/88 (p < 0.05) (Fig. 4.1). Species comprising the 
majority of increasers in 1987/88 included aspen (Populus tremuloides Michx.), northern bedstraw 
(Galium boreale L.) and showy fleabane (Erigeron speciosus (Lindl.) DC.) (Table 4.1), species
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which are rated fair or poor in palatability to deer and elk. The undesirability of those species may 
be responsible for the overall increase of increasers in the areas excluded from cattle grazing. 
Similarly, Schulz and Lenninger (1990) found aspen to increase in density when protected from 
grazing. Green and Kaufman (1995) found increaser western yarrow to increase with protection 
from grazing. By 1995, the composition of increasers had shifted to domination by woods rose 
(Rosa woodsii Lindl.) and common snowberry (Symphoricarpos albus (L.) Blake). The species 
comprising the majority of decreasers in 1987/88, sticky geranium (Geranium viscosissimum F. & 
MJ, California danthonia (Danthonia californica Boland.), and rough fescue (Festuca scabrella 
Torr.) (Table 4.1) are very palatable species (Mueggler and Stewart 1980); thus they were 
probably grazed heavily by wild ungulates in the wild ungulate grazing treatment which resulted in 
their decrease by 1995. However, the decrease of these species in the no grazing treatment is 
surprising, since these species are expected to decrease only with grazing. By 1995, the 
composition of decreasers had shifted, with species such as red-osier dogwood (Cornus 
stolonifera Michx.), Bebb’s willow (Salix bebbiana Sarg.), and alpine foxtail (Alopecurus alpinus 
Smith) comprising the majority of the decreasers (Table 4.2). Red-osier dogwood and Bebb:s 
willow are both palatable species, but alpine foxtail is only rated fair in palatability ratings for deer 
and elk (Mueggler and Stewart 1980). The reduced grazing pressure on the decreasers resulted 
in the decreased presence of the highly palatable species. Relative frequency of species grouped 
as invaders was not different between years or grazing treatments (Fig. 4.1).
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Figure 4.1. Mean relative frequency (+/-1 S.E.) of increasers, decreasers and invaders as 
influenced by grazing treatment and year in aspen communities.
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Table 4.1 Species comprising the majority of increasers, decreasers and invaders for 6 plant 
communities in 1987/88, listed in order of abundance.
Plant Community Increasers Decreasers Invaders
Aspen Populus tremuloides 
Galium bore ale 
Engeron speciosus
Geranium viscosissimum 
Danthonia californica 
Festuca scabrella
Phleum pratense 
Poa pratensis 
Festuca pratensis
Bluebunch Wheatgrass Balsamorhiza sagittata
Symphoricarpos albus 
Carex species
Pseudoroegnaria spicata 
Liatris punctata 
Amelanchier alnifolia
Phleum pratense 
Poa pratensis 
Cerastium arvense
Shrubby Cinquefoil/ 
Rough Fescue
Danthonia parryi 
Potentilla fruticosa 
Juniperus horizontalis
Festuca scabrella 
Danthonia californica 
Geranium viscosissimum
Phleum pratense 
Poa pratensis 
Oxytropis campestris
Shrubby Cinquefoil/ 
Parry's Danthonia
Potentilla fruticosa 
Festuca idahoensis 
Juniperus horizontalis
Danthonia californica 
Festuca scabrella 
Vicia americana
Douglasia montana 
Poa pratensis 
Oxytropis campestris
Moist Hay Meadow Erigeron speciosus 
Artemisia ludoviciana 
Aster laevis
Geranium viscosissimum 
Festuca scabrella 
Danthonia californica
Phleum pratense 
Poa pratensis 
Agrostis alba
Shrubs Symphoricarpos albus 
Rosa woodsii 
Pascopyrum smithii
Prunus virginiana 
Amelanchier alnifolia 
Festuca scabrella
Phleum pratense 
Poa pratensis 
Monarda fistulosa
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Table 4.2. Species comprising the majority of increasers, decreasers and invaders for 6 plant 
communities in 1995, listed in order of abundance.
Plant Community Increasers Decreasers Invaders
Aspen Populus tremuloides 
Rosa woodsii 
Symphoricarpos albus
Corn us stolon if era 
Salix bebbiana 
Alopecurus alpinus
Phleum pratense 
Arctium minus 
Taraxacum officinale
Bluebunch
Wheatgrass
Balsamorhiza sagittata 
Symphoricarpos albus 
Pascopyrum smithii
Vida americana 
Pseudoroegnaria spicata 
Liatris punctata
Phleum pratense 
Alyssum alyssoides 
Cerastium arvense
Shrubby Cinquefoil/ 
Rough Fescue
Danthonia parryi 
Galium boreale 
Potentilla fruticosa
Festuca scabrella 
Agropyron caninum 
Trifolium longipes
Phleum pratense 
Poa pratensis 
Cerastium arvense
Shrubby Cinquefoil/ 
Parry's Danthonia
Danthonia parryi 
Selaginella densa 
Festuca idahoensis
Festuca scabrella 
Liatris punctata 
Vicia americana
Orthocarpus luteus 
Monarda fistulosa 
Plantago lanceolata
Moist Hay Meadow Pascopyrum smithii 
Galium boreale 
Carex species
Stipa occidentalis 
Geranium viscosissimum 
Trifolium longipes
Phleum pratense 
Festuca pratensis 
Taraxacum officinale
Shrubs Rosa woodsii 
Symphoricarpos albus 
Balsamorhiza sagittata
Amelanchier alnifolia 
Prunus virginiana 
Geranium viscosissimum
Urtica dioica 
Monarda fistulosa 
Phleum pratense
Bluebunch Wheatgrass Communities
Relative frequency of species grouped as increasers, decreasers and invaders was significantly 
different due to a year by treatment interaction among treatments (p < 0.05) (Appendix Figs.E 1, E 
2 and E 3). Thus the relationship between relative frequency and grazing treatment was different 
in 1987/88 and 1995. For the increasers, the wild ungulate grazing treatment did not respond 
similarly between years; instead of increasing between 1987/88 and 1995, the increasers 
decreased over time (Appendix Fig. E 1). For the decreasers, the combined grazing treatment 
responded differently than the other treatments by increasing over time instead of decreasing 
(Appendix Fig. E 2). For the invaders, the combined grazing treatment responded by increasing
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over time, instead of decreasing over time as did the other treatments (Appendix Fig. E 3). 
Additionally, relative frequency of species grouped as increasers was lower in the areas grazed 
solely by wild ungulates than in areas grazed by both cattle and wild ungulates (p < 0.05) (Fig.
4.2). Relative frequency of species grouped as decreasers was also significantly different 
between years (p < 0.01) (Fig. 4.2) and lower in the no grazing treatment compared to the 
combined grazing treatment (p < 0.01) (Fig. 4.2). Invaders were significantly higher in the grazing 
treatments in 1995 as compared to 1978/88 but were lower in 1995 than compared to 1987/88 in 
the no grazing treatment (p < 0.01) (Fig. 4.2). Despite the changes due to grazing treatment and 
time, dominant species of increasers, decreasers and invaders remained relative similar between 
the two years (Tables 4.1 and 4.2).
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Shrubby Cinquefoil/Rough Fescue Communities
Relative frequency of species grouped as increasers and decreasers was significantly different 
between grazing treatments (p <0.10) and years (p <0.10) (Fig. 4.3). For increasers, relative 
frequency was significantly higher in the combined grazing treatment as compared to the wild 
ungulate grazing treatment (p < 0.05). Decreasers were higher in the wild ungulate grazing 
treatment than in the combined grazing treatment (p < 0.05). In all grazing treatments, increasers 
increased in frequency and decreasers decreased in frequency since 1987. In all grazing 
treatments, the relative frequency of increasers increased over time while the relative frequency of 
decreasers decreased over time. This response was expected in the grazed areas but not in the 
areas protected from grazing. Surprisingly, plants responded relatively similarly overtime among 
all grazing treatments. Among grazing treatments, increasers decreased and decreasers 
increased with protection from cattle grazing. Similarly, in the Fescue Prairie region of Alberta, 
Johnston et al. (1971) reported that Parry’s danthonia (the most common increaser in these 
communities on the TRM Ranch) decreased with protection from grazing while rough fescue (the 
most common decreaser in these communities on the TRM Ranch) increased. McLean and 
Tisdale (1972) reported increases in rough fescue with protection from grazing on Fescue 
grasslands in British Columbia. Willms et al. (1988) found increasers were lower and decreasers 
were higher in lightly grazed rough fescue patches compared to heavily grazed patches. Relative 
frequency of species grouped as invaders was not significantly different among treatments or 
years (Fig. 4.3).
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Shrubby Cinquefoil/Parry’s Danthonia Communities
Relative frequency of invaders was different between grazing treatments in 1987/88 and 1995, 
evidenced by the presence of the significant interaction term (p < 0.05). Although relative 
frequency for invaders was also significantly higher in 1995 compared to 1987/88 (p < 0.05) (Fig. 
4.4), this effect cannot be looked at alone due to the presence of the interaction term (Appendix 
Fig. E 4). Since 1987, increasers have become proportionally more abundant and decreasers 
have become less abundant in both the areas grazed solely by wild ungulates and the areas 
protected from grazing (Fig. 4.4) (p < 0.01). These reactions were expected in the wild ungulate 
grazing treatment but not in the no grazing treatment. McLean and Tisdale (1972) found some 
similar responses of decreasers over time. In some areas they reported that rough fescue 
decreased over time, but in other areas they found it increased over time, without regard to 
grazing treatment. Similar results were found when they studied increasers. In this study, 
composition of increasers shifted from dominance by an unpalatable species (shrubby cinquefoil) 
to dominance by a fairly palatable species (Parry’s danthonia ). Relative palatability of dominant 
decreasers did not change. Time but not grazing treatment had an impact on the relative 
frequency of increasers, decreasers and invaders in these communities. Grazing pressure in 
these communities may not be heavy enough to have an effect on community composition.
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Moist Hay Meadow Communities
Relative frequency of species grouped as increasers and invaders was significantly different 
due to a year by treatment interaction among grazing treatments (p < 0.05) (Appendix Figs. E 5 
and E 6). Relative frequency of species grouped as increasers was significantly higher in 1995 
compared to 1987/88 while that of invaders was significantly lower in 1995 compared to 1987/88 
(p < 0.01) (Fig. 4.5). Dominance of increaser species shifted from a less preferred showy 
fleabane to more preferred western wheatgrass (Pascopyrum smithii (Rudb.) A. Love) (Tables 4.1 
and 4.2). Common timothy (Phleum pratense L.) maintained dominance of the invader species. 
Frequency of invaders was lower when areas were protected from combined grazing (p <0.10) 
(Fig. 4.5). Similarly, in northeastern Oregon, Green and Kauffman (1995) found that invader 
species such as common timothy and common dandelion (Taraxacum officinale Weber) 
decreased in frequency when protected from grazing. Relative frequency of species grouped as 
decreasers was not significantly different between years or grazing treatments (Fig. 4.5).
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Shrub Communities
Relative frequency of species grouped as increasers was greater in 1995 than in 1987/88 (p < 
0.01) (Fig. 4.6). Relative frequency of species grouped as decreasers was significantly different 
due an interaction of year and grazing treatment (p < 0.01), grazing treatment (p < 0.01) and year 
(p < 0.01) among treatments (Appendix Fig. E 7, Fig. E 6). For decreasers, relative frequency of 
species in areas protected from cattle grazing was higher than in the combined grazing treatment 
(p< 0.01) (Fig. 4.6). Relative frequency of species grouped as invaders was significantly lower in 
the no grazing and wild ungulate grazing treatments compared to the combined grazing treatment 
(p < 0.01) but also higher in 1995 than in 1987/88 (p < 0.05) (Fig. 4.6). Dominant decreaser 
species shifted from chokecherry (Prunus virginiana L), serviceberry (Amelanchier alnifolia Nutt.) 
and rough fescue to serviceberry, chokecherry and sticky geranium (Geranium viscosissimum F.& 
M.). Dominant invader species shifted from palatable species including common timothy,
Kentucky bluegrass (Poa pratensis L.) and horsemint (Monarda fistulosa L.) to dominance by less 
palatable species such as stinging nettle (Urtica dioica L.), horsemint and common timothy.
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Figure 4 6. Mean relative frequency (+/- 1 S.E.) of increasers. decreasers and invaders as
influenced by grazing treatment and year in shrub communities.
CONCLUSIONS
Findings of this study indicate that the effect of grazing treatment and time upon the relative 
frequency of species grouped as increasers, decreasers and invaders differs among plant 
communities. Over all plant communities, time had a greater effect on community composition 
than did grazing treatment. Commonly, community composition responded differently to grazing 
treatment between the two years, as indicated by the presence of a significant interaction term. 
Although responses of increasers, decreasers and invaders was different between communities, 
generally increasers increased and decreasers decreased since 1987/88. Since species grouped 
as increasers are usually subdominants and are generally less palatable and productive than 
those grouped as decreasers (Looman 1969, Mueggler and Stewart 1980), the amount of 
palatable forage available for cattle, deer, and elk has decreased over time. However, when 
looking at the affect of grazing treatment on relative frequency, increasers and invaders were 
generally higher and decreasers were generally lower in the grazed areas. Range condition, as 
judged by the proportion of increasers, decreasers and invaders present, appears to be 
decreasing over time but increasing with protection from grazing.
Proper range management should focus on the maintenance of productive forage species. In 
most communities, just wild ungulate grazing or protection from grazing maintained a higher 
proportion of palatable decreasers than did grazing by both cattle and wild ungulates. However, 
some grazing by cattle is desirable to maintain vigorous, productive plant communities, especially 
in the rough fescue and bluebunch wheatgrass community types. Studies have documented that 
cattle grazing can benefit elk by removing large accumulations of litter from "wolfy" rough fescue 
communities (Harvey 1980, Jourdonnais and Bedunah 1985). Willms and McLean (1978) found 
that standing litter of bluebunch wheatgrass discouraged utilization of the plants by mule deer. In 
bluebunch wheatgrass communities in British Columbia, Willms et al. (1980) found that removing 
litter by cattle grazing or burning increased forage preference and increased forage utilization for
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at least 2 years. Willms et al. (1986) found that removal of litter around rough fescue and 
bluebunch wheatgrass plants increased herbage yields in the Fescue Prairie. Closely controlled 
grazing by cattle may increase the palatability and thus utilization of plants by elk. Further 
research is necessary to determine grazing regimes that maintain good range condition while 
providing adequate forage for cattle, deer and elk.
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CHAPTER 5
CONCLUSIONS AND MANAGEMENT IMPLICATIONS
The purpose of this study was to investigate the effects of cattle and wild ungulate grazing on 
plant communities of the TRM Ranch. This information will be used to determine management 
options which demonstrate the compatibility of livestock production, maintenance of wildlife habitat 
and maintenance of productive plant communities along the Rocky Mountain Front. The goals of 
the ranch include livestock production, the maintenance of wildlife habitat, and, given the first two 
goals, maintenance of productive plant communities which provide forage and cover to meet 
these needs. The desired future condition of plant communities on the ranch revolves around the 
maintenance of vigorous plant communities that can provide for the production of livestock while 
also providing high quality wildlife habitat. Therefore, this study involved detailed measurements 
of important plant communities. In addition, range condition was estimated for certain sites. 
Current range management theory implies that grazing can be controlled to maintain plant 
community composition, i.e., the same kind and amount of plants, as the “potential natural plant 
community” for each range site. The potential natural plant community for a rangeland site, 
according to this theory, will provide optimum production of vegetation, control of undesirable 
plants and control of soils and water erosion. Range condition for a site (only determined on 
range sites) is measured by comparing current species composition on a weight basis with 
species composition of relatively undisturbed or relict sites. In order to estimate current range 
condition, I utilized relative frequency of species to compare to “climax composition” of range sites 
identified on the TRM Ranch.
Each plant community provides distinct values or benefits to the different species of ungulates 
utilizing the ranch. Grazing by livestock and wild ungulates generally affected plant communities 
of the TRM Ranch by increasing the frequency of invader species, decreasing the frequency of
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increaser and decreaser species, and increasing species diversity and richness. In areas grazed 
by both cattle and wild ungulates, plant community composition was most affected in the 
bluebunch wheatgrass, shrubby cinquefoil/Parry’s danthonia, moist hay meadow, dry hay 
meadow and shrub communities. Wild ungulate only grazing affected community composition in 
the bluebunch wheatgrass, aspen and moist hay meadow communities. The following provides a 
brief overview of the value of each community type and its response to the grazing treatments 
monitored in this study.
Aspen Communities
Aspen communities are often heavily used because they retain succulent forage late into the 
growing season and provide shade and cover for cattle and wild ungulates. Aspen regeneration 
provides excellent browse. However, if competition for forage and space are high, severe 
browsing of aspen sprouts may occur, resulting in a decrease in aspen regeneration (Leckenby et 
al. 1982). Understory species in these communities such as snowberry and common timothy 
provide forage for cattle, deer and elk on the ranch. The presence of snowberry in these 
communities makes them especially important to mule deer (Leckenby et al. 1982). This 
important browse species provides good summer and autumn forage.
For aspen stands grazed predominantly in the fall by cattle, plant community composition was 
relatively similar among grazing treatments. The fall use of these stands by cattle was relatively 
low, probably because stocking rate in these pastures was light. These stands have remained 
productive despite grazing pressure. Aspen communities grazed during the summer showed 
more significant structural differences between grazing treatments due to a high intensity of use 
during the growing season. Livestock tend to congregate in aspen stands due to the availability of 
shade and green forage during the hot summer months. Season long use of these pastures by 
livestock often results in disproportionate use of aspen stands compared to other community
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types present in the pasture.
Bluebunch Wheatgrass Communities
Bluebunch wheatgrass communities on the TRM Ranch provide excellent forage for cattle and 
wild ungulates. While bluebunch wheatgrass is excellent forage for cattle and elk, it is also very 
sensitive to grazing. Mean range condition was 50%, 53%, and 55% for the cattle and wild 
ungulate grazing treatment, the wild ungulate grazing treatment, and the no grazing treatments, 
respectively. An increase in range condition of 3 to 5% is relatively minor, however, it is evidence 
that this community was changing as a result of the grazing treatments. Generally, areas grazed 
by cattle and wild ungulates had a lower frequency of increaser species, a higher frequency of 
invader species and bare ground, and a lower frequency of bluebunch wheatgrass compared to 
areas grazed by wild ungulates only and areas of no grazing. Season long grazing in some of 
these areas may be resulting in a gradual decline in range condition as Heady (1984) suggests 
“the opportunity for grazing selectivity inherent in season long grazing may allow uneven use of 
preferred plants, allowing less palatable plants a competitive edge”. It has also been reported that 
summer grazing of bluebunch wheatgrass communities is especially damaging (Blaisdell and 
Pechanec 1949, van Ryswyck and McLean 1989) and therefore grazing bluebunch wheatgrass 
communities in the spring or fall can provide forage for livestock while resulting in more favorable 
responses in plant vigor.
Shrubby Cinquefoil/Rough Fescue Communities
The shrubby cinquefoil/rough fescue communities on the ranch provide excellent forage for 
cattle during the summer and for wild ungulates during the winter. Maintaining the productivity of 
these communities is important to the livestock operation but is critical to the maintenance of high 
quality wild ungulate habitat.
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Range condition in the shrubby cinquefoil/rough fescue communities was good for all grazing 
treatments. Climax species composition for the grazing treatments was 54% for areas grazed by 
cattle and wild ungulates, 56% for areas grazed only by wild ungulates and 62% for areas 
protected from grazing. Grazing by cattle and wild ungulates primarily affected these communities 
on the TRM Ranch by decreasing the frequency of rough fescue compared to ungrazed areas. 
Surprisingly, frequency of other species commonly grouped as decreasers was not significantly 
lower in grazed areas compared to ungrazed areas. Preferential grazing of rough fescue may be 
responsible for its decline in these communities. Rough fescue is the most important forage 
species in these communities due to its high palatability, high productivity, maintenance of high 
nutritional quality through the winter, and its stability in annual forage yield (Johnston 1962). 
However, rough fescue is highly sensitive to grazing during the growing season and heavy use 
can severely damage the plants (Willms 1991). Hodkinson and Young (1973) reported loss of 
rough fescue from plant communities following 3 years of heavy grazing. Researchers have 
found that as rough fescue declines, it is replaced by less palatable species, such as Parry’s 
danthonia, Idaho fescue or bluebunch wheatgrass (Moss and Campbell 1947, Johnston et al.
1971, Jourdonnais and Bedunah 1985, Willms et al. 1985), although this was not supported by 
data from this study. It appears that season long grazing is allowing the cattle to unevenly use 
preferred plants, thus allowing less palatable plants an opportunity to increase their frequency in 
the community. Researchers have suggested that fall grazing may provide the greatest benefit 
from these grasslands with the least amount of impairment to plant vigor (Willms 1991). Light late 
season grazing of the shrubby cinquefoil/rough fescue communities can provide forage for 
livestock while maintaining the integrity of rough fescue. However, adequate amounts of forage 
need to be retained on these sites following livestock use to provide winter forage for deer and 
elk.
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Shrubby Cinquefoil/Parry’s Danthonia Communities
The shrubby cinquefoil/Parry’s danthonia community in the Upper Creek Bottom Pasture is an 
important community type for wintering mule deer and elk. Species composition in this community 
changed significantly in response to grazing treatment. Mean range condition was 37%, 59%, 
and 56% for the cattle and wild ungulate grazing treatment, the wild ungulate grazing treatment, 
and the no grazing treatments, respectively. Grazing generally resulted in a decreased frequency 
of important forage species: rough fescue, western wheatgrass, Parry’s danthonia and Idaho 
fescue. Additionally, a higher occurrence of bare ground and species with little value for cattle or 
wild ungulates, such as dense clubmoss, was noted through field observations.
These communities are currently grazed in the spring and early summer by livestock. Bawtree 
(1989) suggests that grazing bunchgrass ranges early in the spring may be less damaging than 
grazing at other times and allows sufficient time for regrowth before dormancy occurs. The 
reduced frequency of rough fescue in grazed areas suggests that we need to reformulate the 
current grazing strategy.
Moist and Dry Hay Meadow Communities
Although grazing generally resulted in a reduction in the frequency of increaser and decreaser 
species and a increase in the frequency of invader species, the species composition of these 
communities still provides palatable forage to meet the demands of livestock and wild ungulates 
while providing hay for winter feeding. Compared to the other grazing treatments, areas 
subjected to cattle and wild ungulate grazing had higher frequencies of redtop, common timothy, 
common dandelion and American vetch, species which are good to excellent forage. These 
species provide good forage for cattle and will be grazed by wild ungulates in the winter if more 
palatable natives are not available.
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Shrub Communities
Shrub communities dominated by chokecherry and serviceberry are very important to wild 
ungulates during the spring and summer for hiding and thermal cover (Leckenby et al. 1982,
Austin and Urness 1985). Chokecherry is browsed most intensely in the fall and spring while 
serviceberry is browsed heavily through the summer months. Associated forbs present in these 
communities may also provide excellent forage for wild ungulates.
Lower frequencies of decreasers and higher frequencies of increasers were found in areas 
subjected to cattle and wild ungulate grazing in the shrub communities. Unpalatable invader 
species, field bindweed, common hound’s tongue and blue stickseed, were more frequent in 
grazed areas. Grazing by both cattle and wild ungulates had a significant effect on the frequency 
of species grouped as decreasers and invaders. Surprisingly, grazing by just wild ungulates has 
not had a significant effect on plant community composition compared to areas protected from 
grazing. Long duration grazing in these communities may be allowing livestock to overuse these 
communities. A decrease in the duration of use by livestock during the summer months may 
result in an increase in range condition.
Because each pasture includes a number of different plant communities, grazing regimes need 
to be developed for each pasture, given the different types of plant communities present and the 
way they respond to grazing.
Upper Creek Bottom Pasture
Current stocking rate and management appear to be having a negative effect on plant 
community composition in this pasture. A decrease in the current stocking rate may maintain or 
improve range condition while providing forage for the 100 to 150 mule deer that winter in the 
Upper Creek Bottom Pasture.
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Lower Creek Bottom Pasture and Lenstra Creek Pasture
In addition to producing hay, these hay meadows may provide more suitable late summer 
(August-September) pastures for cattle than bunchgrass communities due to the high grazing 
resistance of species in these communities. Grasses that dominate these communities store 
much of their biomass at ground level or underground in the form of stolons or rhizomes, thus they 
are able to withstand heavy, continuous grazing pressure (Platou and Tueller 1985). Frequent 
defoliation can occur without risking the loss of carbohydrate stores. Because rhizomatous 
species can reproduce vegetatively, heavy grazing does not jeopardize the continued existence of 
the species in the community.
Lower 1500 Acres Pasture
Despite the high stocking rate of cattle and ungulates, current range condition in this pasture is 
good. This may be due to the tendency of wintering elk to migrate between Scoffin Butte and 
Blackleaf Wildlife Management Area, leading to a low duration of use on TRMR. This pasture 
provides enough summer forage for livestock while maintaining rough fescue biomass for 
wintering ungulates. If an improvement in range condition is desired, cattle or wintering elk 
numbers can be reduced. This pasture, especially the shrubby cinquefoil/rough fescue 
community, should be closely monitored for changes in range condition. Aspen communities 
should be monitored for heavy summer use.
Elk Hang Out Pasture
Dominant plant communities in the Elk Hang Out Pasture include the aspen, bluebunch 
wheatgrass, shrubby cinquefoil/rough fescue and shrub communities. Research has indicated 
that season long and especially summer use of these plant communities may result in decreases 
in plant vigor and productivity (Hodgkinson and Young 1973, Platou and Tueller 1985, Willms 
1991). Early or late season use of this pasture may benefit these plant communities.
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Since wild ungulates use the ranch most intensely during winter and early spring, a time when 
livestock are being fed hay, there is little overlap in season of use between livestock and wild 
ungulates. Additionally, wild ungulates may exert a preference for different topographic regions 
than do livestock. However, heavy and unregulated grazing can result in the severe reduction of 
available forage for wintering ungulates and livestock management on the ranch should strive for 
the maintenance of productive summer forage for livestock and high quality winter forage for 
ungulates.
The plant communities that I surveyed are generally in good condition. When possible, 
pastures should be managed on a individual basis, according to the range condition, the desired 
future condition of those pastures and the goals and objectives of the ranch. Additionally, 
proportions of increasers, decreasers and invaders and key forage species such as rough fescue, 
Idaho fescue, bluebunch wheatgrass, Kentucky bluegrass, and common timothy should be closely 
monitored to maintain productive, vigorous plant communities.
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APPENDIX B: THEODORE ROOSEVELT MEMORIAL RANCH PLANT COMMUNITY MAP
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APPENDIX C: THEODORE ROOSEVELT MEMORIAL RANCH GRAZING
REGIME/EXCLOSURE LOCATION MAP
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APPENDIX D: MEAN AND RELATIVE FREQUENCY OF PLANT SPECIES BY PLANT COMMUNITY ON 
THE THEODORE ROOSEVELT MEMORIAL RANCH
Appendix Table D 1. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for 
aspen communities ana associated p values.
GRAZING TREATMENT
Plant Species_______ Cattle and Wild Ungulates Wild Ungulates______ No Grazing_______Pvalue
Grasses and Grasslike
Agrostis alba 0.0134 (0.0042)1 0.0118 (0.0037) 0.0043 (0.0017) 0.11852
Alopecurus alpinus 0.0000 (0.0000) 0.0000 (0.0000) 0.0081 (0.0044) 0.00702
Bromus inermis 0.0000 (0.0000) 0.0012 (0.0008) 0.0095 (0.0055) 0.13302
Bromus vulgaris 0.0019 (0.0008) 0.0017 (0.0007) 0.0010 (0.0007) 0.6578
Carex species 0.0006 (0.0006) 0.0019 (0.0009) 0.0057 (0.0017) 0.01902
Dactylis glomerata 0.0000 (0.0000) 0.0007 (0.0005) 0.0000 (0.0000) 0.20712
Danthonla califomica 0.0019 (0.0010) 0.0007 (0.0005) 0.0003 (0.0003) 0.18622
Elymus canadensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0004 (0.0004) 0.44582
Elymus glaucus 0.0021 (0.0012) 0.0003 (0.0003) 0.0014 (0.0008) 0.27482
Festuca pratensis 0.0098 (0.0065) 0.0005 (0.0005) 0.0057 (0.0025) 0.15302
Juncus balticus 0.0004 (0.0004) 0.0003 (0.0003) 0.0015 (0.0007) 0.18402
Pascopyrum smithii 0.0514 (0.0072) 0.0476 (0.0124) 0.0974 (0.0248) 0.11072
Phleum pratense 0.1080 (0.0314) 0.1311 (0.0458) 0.0360 (0.0118) 0.10532
Poa palustris 0.0013 (0.0009) 0.0017 (0.0007) 0.0010 (0.0006) 0.8135
Poa pratensis 0.0010 (0.0006) 0.0010 (0.0006) 0.0010 (0.0005) 0.9979
Trisetum canescens 0.0029 (0.0029) 0.0004 (0.0004) 0.0000 (0.0000) 0.27952
grass 0.0008 (0.0008) 0.0004 (0.0004) 0.0000 (0.0000)
Forbs
Achillea millefolium 0.0042 (0.0019) 0.0023 (0.0008) 0.0076 (0.0028) 0.1592
Actaea rubra 0.0008 (0.0008) 0.0000 (0.0000) 0.0000 (0.0000) 0.22752
Agoseris glauca 0.0005 (0.0005) 0.0023 (0.0009) 0.0047 (0.0012) 0.02652
Allium cemuum 0.0000 (0.0000) 0.0004 (0.0004) 0.0000 (0.0000) 0.44582
Anemone multifida 0.0014 (0.0007) 0.0003 (0.0003) 0.0017 (0.0008) 0.27892
Angelica arguta 0.0017 (0.0013) 0.0005 (0.0005) 0.0027 (0.0016) 0.38642
Antennana anaphaloides 0.0005 (0.0005) 0.0009 (0.0005) 0.0013 (0.0006) 0.6210
Antennaria rosea 0.0004 (0.0004) 0.0000 (0.0000) 0.0003 (0.0003) 0.53702
Arctium minus 0.0006 (0.0006) 0.0176 (0.0108) 0.0106 (0.0079) 0.4372
Arctostaphylos uva-ursi 0.0000 (0.0000) 0.0000 (0.0000) 0.0017 (0.0010) 0.09552
Arnica sororia 0.0000 (0.0000) 0.0008 (0.0006) 0.0006 (0.0006) 0.57802
Aster conspicuus 0.0011 (0.0011) 0.0011 (0.0008) 0.0004 (0.0004) 0.6841
Aster laevis 0.0044 (0.0015) 0.0060 (0.0023) 0.0125 (0.0033) 0.09842
Aster occidentalis 0.0037 (0.0013) 0.0087 (0.0053) 0.0199 (0.0115) 0.38412
Campanula rotundifolia 0.0014 (0.0007) 0.0010 (0.0006) 0.0015 (0.0009) 0.8828
Castilleja miniata 0.0015 (0.0010) 0.0000 (0.0000) 0.0000 (0.0000) 0.06042
Cerastium an/ense 0.0008 (0.0008) 0.0008 (0.0006) 0.0010 (0.0005) 0.9699
Cirsium arvense 0.0097 (0.0040) 0.0032 (0.0013) 0.0047 (0.0019) 0.15052
Cynoglossum officinale 0.0000 (0.0000) 0.0004 (0.0004) 0.0000 (0.0000) 0.44582
Dodecatheon conjugens 0.0004 (0.0004) 0.0000 (0.0000) 0.0000 (0.0000) 0.22752
Equisetum an/ense 0.0000 (0.0000) 0.0005 (0.0005) 0.0004 (0.0004) 0.7205
Erigeron speciosus 0.0000 (0.0000) 0.0005 (0.0005) 0.0023 (0.0012) 0.12932
Fragaria vesca 0.0197 (0.0049) 0.0076 (0.0026) 0.0100 (0.0024) 0.03962
Fragaria virginiana 0.0000 (0.0000) 0.0000 (0.0000) 0.0018 (0.0018) 0.44582
Galium aparine 0.0028 (0.0012) 0.0006 (0.0004) 0.0019 (0.0009) 0.19602
Galium boreale 0.0141 (0.0034) 0.0084 (0.0024) 0.0120 (0.0018) 0.2616
Geranium richardsonii 0.0049 (0.0019) 0.0000 (0.0000) 0.0037 (0.0019) 0.06792
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Geranium viscosissimum 0.0015 (0.0008) 0.0091 (0.0019) 0.0096 (0.0027) 0.03622
Geum nvaie 0.0049 (0.0012) 0.0000 (0.0000) 0.0040 (0.0016) 0.01002
Geum tnflorum 0.0000 (0.0000) 0.0007 (0.0005) 0.0000 (0.0000) 0.18412
Helianthelia uniflora 0.0000 (0.0000) 0.0014 (0.0007) 0.0000 (0.0000) C.06952
Heracleum lanatum 0.0007 (0.0007) 0.0000 (0.0000) 0.0000 (0.0000) 0 22752
Iris missouriensis 0.0086 (0.0028) 0.0022 (0.0007) 0.0021 (0.0010) 0.00692
Lathyrus ochroleucus 0.0094 (0.0020) 0.0058 (0.0027) 0.0194 (0.0079) 0.17702
Ligusticum tenuifolium 0.0000 (0.0000) 0.0000 (0.0000) 0.0019 (0.0010) 0.07322
Lomatium cous 0.0000 (0.0000) 0.0000 (0.0000) 0.0004 (0.0004) 0.44582
Mentha an/ensis 0.0000 (0.0000) 0.0070 (0.0029) 0.0000 (0.0000) 0.01302
Monarda fistulosa 0.0013 (0.0009) 0.0029 (0.0014) 0.0012 (0.0009) 0.48922
Osmorhiza chilensis 0.0097 (0.0041) 0.0025 (0.0009) 0.0067 (0.0011) 0.05602
Penstemon confertus 0.0062 (0.0020) 0.0025 (0.0012) 0.0065 (0.0019) 0.1761
Perideridia gairdneh 0.0020 (0.0009) 0.0015 (0.0007) 0.0024 (0.0007) 0.6506
Plantago major 0.0007 (0.0007) 0.0000 (0.0000) 0.0000 (0.0000) 0.22752
Polygonum bistortoides 0.0015 (0.0008) 0.0000 (0.0000) 0.0005 (0.0005) 0.09972
Potentilla gracilis 0.0045 (0.0011) 0.0021 (0.0009) 0.0052 (0.0014) 0.12132
Senecio pauperculus 0.0014 (0.0009) 0.0000 (0.0000) 0.0020 (0.0009) 0.12152
Smilacina stellata 0.0089 . (0.0035) 0.0013 (0.0007) 0.0078 (0.0020) 0.02092
Solidago occidentalis 0.0076 (0.0042) 0.0095 (0.0066) 0.0145 (0.0076) 0.7701
Taraxacum officinale 0.0422 (0.0064) 0.0259 (0.0044) 0.0290 (0.0073) 0.20362
Thalictrum occidentale 0.0078 (0.0035) 0.0102 (0.0043) 0.0090 (0.0026) 0.90202
Trifolium longipes 0.0077 (0.0021) 0.0022 (0.0007) 0.0049 (0.0011) 0.0166
Vicia americana 0.0082 (0.0021) 0.0106 (0.0014) 0.0089 (0.0019) 0.6256
Viola canadensis 0.0015 (0.0008) 0.0027 (0.0008) 0.0035 (0.0010) 0.31122
Zigadenus elegans 0.0027 (0.0011) 0.0009 (0.0005) 0.0016 (0.0006) 0.27482
Zizia aptera 0.0000 (0.0000) 0.0004 (0.0004) 0.0005 (0.0005) 0.7064
forbs 0.0212 (0.0075) 0.0022 (0.0009) 0.0047 (0.0018)
Shrubs
Amelanchier alnifolia 0.0000 (0.0000) 0.0030 (0.0016) 0.0013 (0.0008) 0.23172
Comus stolonifera 0.0000 (0.0000) 0.0000 (0.0000) 0.0084 (0.0058) 0.19472
Juniperus communis 0.0000 (0.0000) 0.0000 (0.0000) 0.0003 (0.0003) 0.44582
Jumperus hohzontalis 0.0008 (0.0008) 0.0005 (0.0005) 0.0009 (0.0009) 0.9380
Mahonia repens 0.0008 (0.0008) 0.0005 (0.0005) 0.0000 (0.0000) 0.49222
Potentilla fruticosa 0.0043 (0.0028) 0.0055 (0.0033) 0.0051 (0.0024) 0.9623
Prunus virginiana 0.0004 (0.0004) 0.0036 (0.0026) 0.0073 (0.0041) 0.3426
Rosa woodsii 0.0470 (0.0080) 0.0879 (0.0226) 0.1499 (0.0195) 0.00392
Salix bebbiana 0.0159 (0.0107) 0.0000 (0.0000) 0.0099 (0.0075) 0.27172
Shepherdia canadensis 0.0007 (0.0007) 0.0000 (0.0000) 0.0000 (0.0000) 0.22752
Spirea betulifolia 0.0075 (0.0044) 0.0020 (0.0012) 0.0036 (0.0033) 0.4582
Symphoncarpos albus 0.0678 (0.0195) 0.1291 (0.0284) 0.0528 (0.0108) 0.02952
shrubs 0.0007 (0.0007) 0.0003 (0.0003) 0.0123 (0.0072)
Trees
Populus tremuloides 0.4217 (0.0156) 0.3982 (0.0191) 0.3252 (0.0240) 0.0072
Pseudotsuga menziesii 0.0000 (0.0000) 0.0007 (0.0007) 0.0000 (0.0000) 0.44582
Other
Selaginella densa 0.0024 (0.0024) 0.0000 (0.0000) 0.0000 (0.0000) 0.22752
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
97
Appendix Table D 2. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for
bluebunch wheatgrass communities ana associated p values.
GRAZING TREATMENT
Plant Species_______ Cattle and Wild Ungulates Wild Ungulates______ No Grazing______ Pvalue
Grasses and Grasslike
Bromus vulgaris 0.0000 (0.0000) 0.0000 (0.0000) 0.0016 (0.0016) 0.42192
Carex filifolia 0.0141 (0.0022) 0.0047 (0.0028) 0.0000 (0.0000) 0.0079
Carex species 0.0078 (0.0020) 0.0426 (0.0279) 0.0320 (0.0195) 0.48402
Danthonia parryi 0.0109 (0.0061) 0.0347 (0.0180) 0.0140 (0.0022) 0.32102
Festuca idahoensis 0.0168 (0.0048) 0.0198 (0.0088) 0.0314 (0.0039) 0.2856
Festuca scabrella 0.0025 (0.0012) 0.0151 (0.0111) 0.0000 (0.0000) 0.28392
Koeleria cristata 0.0093 (0.0026) 0.0021 (0.0010) 0.0000 (0.0000) 0.01432
Pascopyrum smithii 0.0638 (0.0334) 0.0463 (0.0044) 0.0908 (0.0369) 0.5773
Phleum pratense 0.2688 (0.0203) 0.2599 (0.0109) 0.1629 (0.0190) 0.0087
Poa pratensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0035 (0.0035) 0.42192
Pseudoroegnana spicata 0.0284 (0.0110) 0.0165 (0.0090) 0.0289 (0.0015) 0.5249
Stipa viridula 0.0025 (0.0025) 0.0000 (0.0000) 0.0000 (0.0000) 0.61192
grass 0.0237 (0.0056) 0.0081 (0.0066) 0.0049 (0.0036)
Forbs
Achillea millefolium 0.0360 (0.0142) 0.0114 (0.0042) 0.0877 (0.0075) 0.0036
Allium cemuum 0.0046 (0.0005) 0.0055 (0.0013) 0.0041 (0.0009) 0.5927
Alyssum alyssoides 0.0243 (0.0243) 0.0000 (0.0000) 0.0000 (0.0000) 0.42192
Anemone multifida 0.0000 (0.0000) 0.0010 (0.0010) 0.0008 (0.0008) 0.62172
Antennaria rosea 0.0000 (0.0000) 0.0143 (0.0143) 0.0069 (0.0023) 0.51942
Arenaria congesta 0.0000 (0.0000) 0.0159 (0.0036) 0.0066 (0.0033) 0.02032
Artemisia ludoviciana 0.0000 (0.0000) 0.0000 (0.0000) 0.0150 (0.0088) 0.13302
Astragalus drummondii 0.0089 (0.0019) 0.0192 (0.0054) 0.0067 (0.0033) 0.1206
Aster laevis 0.0000 (0.0000) 0.0026 (0.0026) 0.0010 (0.0010) 0.54442
Balsamorhiza sagittata 0.0750 (0.0322) 0.0772 (0.0321) 0.1442 (0.0220) 0.2444
Besseya wyomingensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0014 (0.0014) 0.42192
Cerastium arvense 0.1176 (0.0259) 0.0412 (0.0122) 0.0082 (0.0023) 0.00892
Chrysopsis villosa 0.0000 (0.0000) 0.0355 (0.0096) 0.0368 (0.0016) 0.00562
Collomia lineans 0.0000 (0.0000) 0.0000 (0.0000) 0.0094 (0.0035) 0.02622
Collinsia parviflora 0.0000 (0.0000) 0.0000 (0.0000) 0.0038 (0.0038) 0.42192
Comandra umbellata 0.0060 (0.0013) 0.0092 (0.0046) 0.0000 (0.0000) 0.13422
Crepis runcinata 0.0000 (0.0000) 0.0012 (0.0012) 0.0000 (0.0000) 0.42192
Descuraiania pinnata 0.0027 (0.0027) 0.0000 (0.0000) 0.0000 (0.0000) 0.07922
Ehgeron caespitosus 0.0429 (0.0210) 0.0118 (0.0043) 0.0013 (0.0013) 0.12072
Erigeron speciosus 0.0000 (0.0000) 0.0000 (0.0000) 0.0045 (0.0026) 0.12012
Fragaria vesca 0.0000 (0.0000) 0.0000 (0.0000) 0.0023 (0.0023) 0.42192
Gaillardia anstata 0.0013 (0.0013) 0.0000 (0.0000) 0.0008 (0.0008) 0.59892
Galium boreale 0.0100 (0.0055) 0.0470 (0.0048) 0.0748 (0.0118) 0.0036
Gaura coccinea 0.0098 (0.0010) 0.0057 (0.0041) 0.0000 (0.0000) 0.07342
Geranium viscosissimum 0.0000 (0.0000) 0.0000 (0.0000) 0.0027 (0.0002) 0.00002
Iris missounensis 0.0013 (0.0013) 0.0021 (0.0021) 0.0000 (0.0000) 0.60202
Liatris punctata 0.0112 (0.0040) 0.0358 (0.0013) 0.0000 (0.0000) 0.0001
Linum perenne 0.0039 (0.0002) 0.0023 (0.0011) 0.0018 (0.0009) 0.26082
Lithospermum ruderale 0.0052 (0.0013) 0.0025 (0.0013) 0.0031 (0.0016) 0.4404
Lomatium dissectum 0.0000 (0.0000) 0.0000 (0.0000) 0.0059 (0.0030) 0.08012
Lomatium macrocarpum 0.0026 (0.0013) 0.0012 (0.0012) 0.0036 (0.0019) 0.5637
Lupinus senceus 0.0334 (0.0093) 0.0060 (0.0031) 0.0053 (0.0028) 0.02352
Monarda fistulosa 0.0000 (0.0000) 0.0000 (0.0000) 0.0056 (0.0056) 0.42192
Petalostemon purpureum 0.0000 (0.0000) 0.0040 (0.0024) 0.0000 (0.0000) 0.14892
98
Phlox albomarginata 0.0055 (0.0037) 0.0289 (0.0113) 0.0010 (0.0010) 0.0577
Phlox hoodii 0.0000 (0.0000) 0.0035 (0.0035) 0.0000 (0.0000) 0.42192
Potentilla pensylvanica 0.0027 (0.0014) 0.0030 (0.0030) 0.0000 (0.0000) 0.51042
Solidago missounensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0037 (0.0008) 0.00232
Taraxacum officinale 0.0014 (0.0014) 0.0023 (0.0011) 0.0020 (0.0010) 0.8750
Tragopogon dubius 0.0044 (0.0007) 0.0000 (0.0000) 0.0017 (0.0017) 0.06972
Trifolium longipes 0.0000 (0.0000) 0.0000 (0.0000) 0.0035 (0.0035) 0.42192
Vicia amencana 0.0162 (0.0103) 0.0182 (0.0092) 0.0517 (0.0088) 0.0657
Viola nuttallii 0.0000 (0.0000) 0.0014 (0.0014) 0.0021 (0.0011) 0.39072
Zigadenus venenosus 0.0000 (0.0000) 0.0012 (0.0012) 0.0034 (0.0003) 0.03442
forbs 0.0067 (0.0030) 0.0031 (0.0017) 0.0027 (0.0002)
Shrubs
Amelanchier alnifolia 0.0026 (0.0026) 0.0000 (0.0000) 0.0026 (0.0026) 0.54432
Artemisia frigida 0.0380 (0.0040) 0.0260 (0.0131) 0.0000 (0.0000) 0.03672
Potentilla fruticosa 0.0045 (0.0027) 0.0143 (0.0143) 0.0129 (0.0061) 0.72782
Prunus virginiana 0.0000 (0.0000) 0.0127 (0.0127) 0.0096 (0.0020) 0.49272
Rosa woodsii 0.0027 (0.0014) 0.0019 (0.0019) 0.0010 (0.0010) 0.7128
Symphoricarpos albus 0.0651 (0.0333) 0.0801 (0.0267) 0.0861 (0.0309) 0.8834
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 3. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for
shrubby cinquefoii/rougn fescue communities ana associated p vaiues.
GRAZING TREATMENT
Plant Species________Cattle and Wild Ungulates Wild Ungulates______ No Grazing_______ Pvalue
Grasses and Grasslike
Agropyron caninum 0.0130 (0.0107)1 0.0000 (0.0000) 0.0000 (0.0000) 0.24612
Agropyron dasytachyum 0.0003 (0.0003) 0.0000 (0.0000) 0.0000 (0.0000) 0.38112
Agropyron subsecundum 0.0000 (0.0000) 0.0061 (0.0026) 0.0101 (0.0063) 0.21132
Carex concinnoides 0.0000 (0.0000) 0.0003 (0.0003) 0.0006 (0.0006) 0.54822
Carex filifolia 0.0068 (0.0036) 0.0051 (0.0020) 0.0053 (0.0020) 0.88392
Carex rossii 0.0223 (0.0086) 0.0097 (0.0033) 0.0144 (0.0054) 0.35752
Carex scirpoidea 0.0103 (0.0045) 0.0052 (0.0023) 0.0037 (0.0017) 0.29992
Carex species 0.0194 (0.0059) 0.0051 (0.0017) 0.0042 (0.0016) 0.01032
Danthonia califomica 0.0000 (0.0000) 0.0043 (0.0009) 0.0007 (0.0005) 0.00002
Danthonia parryi 0.0983 (0.0214) 0.1537 (0.0136) 0.1185 (0.0382) 0.34132
Festuca idahoensis 0.0470 (0.0067) 0.0386 (0.0048) 0.0316 (0.0047) 0.1581
Festuca scabrella 0.0592 (0.0098) 0.1210 (0.0098) 0.1310 (0.0170) 0.0006
Juncus tenuis 0.0000 (0.0000) 0.0005 (0.0004) 0.0000 (0.0000) 0.12482
Koeleria cristata 0.0093 (0.0032) 0.0052 (0.0021) 0.0025 (0.0011) 0.12402
Pascopyrum smithii 0.0512 (0.0087) 0.0112 (0.0033) 0.0126 (0.0041) 0.0000
Phleum pratense 0.0033 (0.0012) 0.0865 (0.0250) 0.0844 (0.0283) 0.01732
Poa palustris 0.0000 (0.0000) 0.0007 (0.0005) 0.0000 (0.0000) 0.30232
Poa pratensis 0.0012 (0.0012) 0.0018 (0.0018) 0.0000 (0.0000) 0.5835
Pseudoroegnaria spicata 0.0000 (0.0000) 0.0132 (0.0053) 0.0003 (0.0003) 0.00712
Stipa viridula 0.0000 (0.0000) 0.0012 (0.0009) 0.0000 (0.0000) 0.18652
grass
Forbs
0.0158 (0.0052) 0.0037 (0.0014) 0.0080 (0.0021)
Achillea millefolium 0.0170 (0.0049) 0.0515 (0.0099) 0.0378 (0.0077) 0.01452
Agoseris glauca 0.0196 (0.0048) 0.0083 (0.0011) 0.0049 (0.0013) 0.00392
Allium cemuum 0.0009 (0.0004) 0.0010 (0.0005) 0.0000 (0.0000) 0.16862
Androsace filiformis 0.0003 (0.0003) 0.0000 (0.0000) 0.0000 (0.0000) 0.38112
Anemone multifida 0.0365 (0.0049) 0.0144 (0.0026) 0.0181 (0.0061) 0.00622
Antennaria anaphaloides 0.0047 (0.0014) 0.0184 (0.0019) 0.0282 (0.0038) 0.0000
Antennaria neglecta 0.0000 (0.0000) 0.0008 (0.0004) 0.0000 (0.0000) 0.03462
Antennana rosea 0.0059 (0.0027) 0.0149 (0.0039) 0.0147 (0.0070) 0.3458
Arabis nuttallii 0.0017 (0.0005) 0.0019 (0.0007) 0.0039 (0.0015) 0.2756
Arenaria congesta 0.0103 (0.0040) 0.0120 (0.0017) 0.0037 (0.0007) 0.06382
Arnica sororia 0.0017 (0.0012) 0.0084 (0.0022) 0.0014 (0.0005) 0.00282
Artemisia ludovociana 0.0000 (0.0000) 0.0005 (0.0003) 0.0020 (0.0014) 0.24032
Aster falcatus 0.0012 (0.0012) 0.0000 (0.0000) 0.0000 (0.0000) 0.38112
Aster laevis 0.0091 (0.0042) 0.0068 (0 0020) 0.0110 (0.0042) 0.7159
Besseya wyomingensis 0.0041 (0.0010) 0.0058 (0.0019) 0.0024 (0.0009) 0.2070
Bupleurum americanum 0.0022 (0.0010) 0.0011 (0.0006) 0.0022 (0.0008) 0.6099
Campanula rotundifolia 0.0049 (0.0020) 0.0050 (0.0024) 0.0060 (0.0013) 0.9056
Cerastium an/ense 0.0337 (0.0045) 0.0151 (0.0029) 0.0221 (0.0017) 0.00152
Chrysopsis villosa 0.0018 (0.0007) 0.0014 (0.0005) 0.0023 (0.0013) 0.76002
Clematis hirsutissima 0.0012 (0.0006) 0.0005 (0.0004) 0.0005 (0.0004) 0.55662
Comandra umbellata 0.0061 (0.0032) 0.0000 (0.0000) 0.0000 (0.0000) 0.04272
Dodecatheon conjugens 0.0189 (0.0071) 0.0141 (0.0051) 0.0033 (0.0013) 0.10632
Douglasia montana 0.0031 (0.0012) 0.0010 (0.0005) 0.0037 (0.0014) 0.22472
Erigeron caespitosus 0.0208 (0.0047) 0.0089 (0.0040) 0.0101 (0.0046) 0.1361
Erigeron coulteri 0.0000 (0.0000) 0.0000 (0.0000) 0.0006 (0.0004) 0.13742
Erigeron glabellus 0.0004 (0.0004) 0.0000 (0.0000) 0.0000 (0.0000) 0.38112
100
Erigeron speciosus 0.0000
Erysimum repandum 0.0003 
Fragaria vesca 0.0115
Gaillardia aristata 0.0010
Gaiium boreale 0.1028
Geranium viscosissimum 0.0022
Geum triflorum 0.0000
Hedysarum suifurescens 0.0252
Heuchera grossulariifolia 0.0026
Hymenoxys acaulis 0.0008
iris missouriensis 0.0000
Linum perenne 0.0004
Lithospermum ruderale 0.0010
Lomatium cous 0.0012
Lomatium dissectum 0.0000
Lomatium macrocarpum 0.0009
Lupinus sericeus 0.0197
Lynchis drummondii 0.0007
Orthocarpus luteus 0.0000
Oxytropis campestris 0.0066
Oxytropis sehceus 0.0045
Penstemon confertus 0.0000
Peridehdia gairdneri 0.0000
Phlox albomargmata 0.0134
Phlox hoodii 0.0366
Plantago lanceolata 0.0005
Polygonum bistortoides 0.0000
Potentilla gracilis 0.0003
Potentilla hippiana 0.0024
Potentilla pensylvanica 0.0003
Senecio canus 0.0013
Sisyhnchium angustifolium 0.0000 
Solidago missouriensis 0.0180
Taraxacum officinale 0.0008
Tragopogon dubius 0.0004
Thfolium longipes 0.0481
Vicia amencana 0.0016
Zigadenus elegans 0.0024
Zigadenus venenosus 0.0039
forbs 0.0261
Shrubs
Amelanchier alnifolia 0.0024
Artemisia fhgida 0.0000
Clematis coiumbiana 0.0003
Juniperus communis 0.0000
Juniperus honzontaiis 0.0107
Potentilla fruticosa 0.0483
Rosa woodsii 0.0077
Symphoricarpos aibus 0.0000
Other
Selaginella densa 0.0298
(0.0000) 0.0032 (0.0012
(0.0003) 0.0000 (0.0000
(0.0038) 0.0000 (0.0000
(0.0005) 0.0022 (0.0011
(0.0160) 0.0832 (0.0130
(0.0012) 0.0011 (0.0004
(0.0000) 0.0261 (0.0096
(0.0034) 0.0053 (0.0021
(0.0007) 0.0018 (0.0006
(0.0008) 0.0000 (0.0000
(0.0000) 0.0000 (0.0000
(0.0004) 0.0000 (0.0000
(0.0010) 0.0058 (0.0028
(0.0007) 0.0015 (0.0005
(0.0000) 0.0000 (0.0000
(0.0005) 0.0009 (0.0005
(0.0041) 0.0241 (0.0062
(0.0005) 0.0013 (0.0005
(0.0000) 0.0006 (0.0004
(0.0024) 0.0023 (0.0009
(0.0025) 0.0000 (0.0000
(0.0000) 0.0027 (0.0013
(0.0000) 0.0045 (0.0017
(0.0045) 0.0011 (0.0005
(0.0145) 0.0015 (0.0007
(0.0005) 0.0000 (0.0000
(0.0000) 0.0112 (0.0029
(0.0003) 0.0016 (0.0009
(0.0011) 0.0013 (0.0007
(0.0003) 0.0003 (0.0003
(0.0008) 0.0004 (0.0004
(0.0000) 0.0000 (0.0000
(0.0067) 0.0045 (0.0014
(0.0004) 0.0045 (0.0014
(0.0004) 0.0006 (0.0004
(0.0161) 0.0347 (0.0128
(0.0007) 0.0158 (0.0035
(0.0024) 0.0025 (0.0010
(0.0018) 0.0014 (0.0006
(0.0057) 0.0162 (0.0025
(0.0014) 0.0026 (0.0012
(0.0000) 0.0000 (0.0000
(0.0003) 0.0000 (0.0000
(0.0000) 0.0003 (0.0003
(0.0052) 0.0029 (0.0013
(0.0066) 0.0512 (0.0067
(0.0022) 0.0031 (0.0009
(0.0000) 0.0000 (0.0000
(0.0150) 0.0109 (0.0072)
0.0208 (0.0076) 0.00572
0.0000 (0.0000) 0.38112
0.0059 (0.0025) 0.01522
0.0009 (0.0005) 0.39392
0.0616 (0.0078) 0.0910
0.0133 (0.0052) 0.01742
0.0030 (0.0023) 0.00572
0.0172 (0.0070) 0.01922
0.0024 (0.0009) 0.7256
0.0000 (0.0000) 0.38112
0.0005 (0.0004) 0.12502
0.0000 (0.0000) 0.38112
0.0020 (0.0010) 0.15332
0.0007 (0.0005) 0.6175
0.0004 (0.0004) 0.38112
0.0000 (0.0000) 0.17122
0.0159 (0.0048) 0.5268
0.0000 (0.0000) 0.12042
0.0000 (0.0000) 0.12522
0.0030 (0.0013) 0.17082
0.0000 (0.0000) 0.05052
0.0200 (0.0069) 0.00342
0.0063 (0.0022) 0.02652
0.0039 (0.0016) 0.01132
0.0025 (0.0015) 0.00892
0.0021 (0.0014) 0.22622
0.0033 (0.0013) 0.00062
0.0052 (0.0022) 0.05002
0.0000 (0.0000) 0.08302
0.0007 (0.0005) 0.6433
0.0000 (0.0000) 0.18182
0.0009 (0.0005) 0.03742
0.0037 (0.0008) 0.02722
0.0032 (0.0012) 0.0647
0.0000 (0.0000) 0.41102
0.0101 (0.0037) 0.09632
0.0078 (0.0016) 0.00062
0.0030 (0.0018) 0.9638
0.0010 (0.0005) 0.17212
0.0107 (0.0030)
0.0013 (0.0010) 0.7208
0.0011 (0.0011) 0.38112
0.0021 (0.0015) 0.21012
0.0000 (0.0000) 0.38112
0.0223 (0.0125) 0.23182
0.0716 (0.0068) 0.0417
0.0159 (0.0027) 0.00072
0.0091 (0.0048) 0.04062
0.0379 (0.0143) 0.31942
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 4. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for
shrubby cinquefoil/Parry's danthonia communities and associated p values.
GRAZING TREATMENT
Plant Species_______ Cattle and Wild Ungulates Wild Ungulates______No Grazing_________Pvalue
Grasses and Grasslike
Agropyron subsecundum 0.0011 (0.0007)1 0.0013 (0.0013) 0.0145 (0.0042) 0.00452
Bromus inermis 0.0000 (0.0000) 0.0000 (0.0000) 0.0011 (0.0011) 0.39662
Bromus vulgaris 0.0000 (0.0000) 0.0000 (0.0000) 0.0060 (0.0030) 0.04632
Carex concinnoides 0.0086 (0.0030) 0.0067 (0.0015) 0.0038 (0.0012) 0.2911
Carex filifolia 0.0102 (0.0032) 0.0334 (0.0044) 0.0268 (0.0047) 0.0054
Carex rossii 0.0106 (0.0019) 0.0230 (0.0087) 0.0263 (0.0067) 0.23402
Carex scirpoidea 0.0048 (0.0012) 0.0058 (0.0024) 0.0046 (0.0029) 0.9254
Danthonia parryi 0.1814 (0.0459) 0.3568 (0.0245) 0.2959 (0.0219) 0.0078
Festuca idahoensis 0.0415 (0.0054) 0.0770 (0.0100) 0.0786 (0.0079) 0.0104
Festuca scabrella 0.0071 (0.0011) 0.0890 (0.0125) 0.0848 (0.0218) 0.00272
Juncus ensifolius 0.0016 (0.0007) 0.0000 (0.0000) 0.0000 (0.0000) 0.01972
Koeleria crista ta 0.0071 (0.0012) 0.0008 (0.0008) 0.0060 (0.0022) 0.02602
Muhlenbergia filiformis 0.0011 (0.0011) 0.0060 (0.0025) 0.0007 (0.0007) 0.07062
Pascopyrum smithii 0.0032 (0.0010) 0.0201 (0.0058) 0.0464 (0.0101) 0.0024
Phleum pratense 0.0000 (0.0000) 0.0007 (0.0007) 0.0000 (0.0000) 0.39662
Pseudoroegnaria spicata 0.0006 (0.0006) 0.0000 (0.0000) 0.0008 (0.0008) 0.60982
grass 0.0141 (0.0025) 0.0014 (0.0009) 0.0099 (0.0035)
Forbs
Achillea millefolium 0.0006 (0.0006) 0.0047 (0.0015) 0.0135 (0.0023) 0.00042
Agosehs glauca 0.0077 (0.0019) 0.0082 (0.0041) 0.0034 (0.0014) 0.4239
Allium cemuum 0.0023 (0.0006) 0.0016 (0.0010) 0.0016 (0.0010) 0.79992
Androsace filiformis 0.0035 (0.0004) 0.0007 (0.0007) 0.0031 (0.0008) 0.0246
Anemone multifida 0.0112 (0.0028) 0.0168 (0.0032) 0.0094 (0.0026) 0.2117
Antennaha rosea 0.0090 (0.0024) 0.0015 (0.0009) 0.0000 (0.0000) 0.00262
Arabis nuttailii 0.0017 (0.0007) 0.0042 (0.0003) 0.0042 (0.0004) 0.00582
Arenaha congesta 0.0088 (0.0013) 0.0149 (0.0031) 0.0047 (0.0016) 0.0188
Aster falcatus 0.0035 (0.0014) 0.0034 (0.0017) 0.0079 (0.0029) 0.2574
Aster laevis 0.0000 (0.0000) 0.0007 (0.0007) 0.0000 (0.0000) 0.39662
Bupleurum amencanum 0.0028 (0.0001) 0.0066 (0.0014) 0.0039 (0.0022) 0.2230
Campanula rotundifolia 0.0023 (0.0006) 0.0119 (0.0012) 0.0049 (0.0011) 0.0001
Cerastium arvense 0.0141 (0.0026) 0.0095 (0.0013) 0.0131 (0.0031) 0.4085
Chrysopsis villosa 0.0087 (0.0022) 0.0055 (0.0014) 0.0007 (0.0007) 0.0118
Comandra umbellata 0.0017 (0.0007) 0.0000 (0.0000) 0.0074 (0.0019) 0.00222
Convolvulus arvensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0015 (0.0009) 0.11182
Douglasia montana 0.0011 (0.0007) 0.0000 (0.0000) 0.0007 (0.0007) 0.38352
Erigeron caespitosus 0.0171 (0.0043) 0.0018 (0.0011) 0.0047 (0.0019) 0.00462
Gaillardia anstata 0.0070 (0.0012) 0.0031 (0.0008) 0.0024 (0.0010) 0.0151
Galium boreale 0.0114 (0.0021) 0.0691 (0.0089) 0.0723 (0.0099) 0.0002
Geranium viscosissimum 0.0000 (0.0000) 0.0000 (0.0000) 0.0008 (0.0008) 0.39662
Geum thflorum 0.0006 (0.0006) 0.0053 (0.0028) 0.0113 (0.0035) 0.04132
Hedysarum sulfurescens 0.0076 (0.0018) 0.0094 (0.0026) 0.0073 (0.0027) 0.8013
Heuchera grossulanifolia 0.0000 (0.0000) 0.0014 (0.0008) 0.0000 (0.0000) 0.11012
Hymenoxys acaulis 0.0011 (0.0007) 0.0014 (0.0009) 0.0000 (0.0000) 0.29542
Liaths punctata 0.0221 (0.0040) 0.0000 (0.0000) 0.0028 (0.0012) 0.00012
Lithospermum ruderale 0.0006 (0.0006) 0.0017 (0.0011) 0.0118 (0.0048) 0.03272
Lupinus sehceus 0.0040 (0.0014) 0.0123 (0.0028) 0.0278 (0.0062) 0.00392
Lynchis drummondii 0.0020 (0.0009) 0.0000 (0.0000) 0.0000 (0.0000) 0.02282
Monarda fistulosa 0.0000 (0.0000) 0.0037 (0.0029) 0.0143 (0.0079) 0.14162
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Orthocarpos luteus 0.0759 (0.0076) 0.0007 (0.0007) 0.0000 (0.0000) 0.00002
Oxytropis campestns 0.0122 (0.0026) 0.0049 (0.0017) 0.0015 (0.0009) 0.00472
Oxytropis splendens 0.0062 (0.0028) 0.0000 (0.0000) 0.0000 (0.0000) 0.03042
Oxytropis viscida 0.0016 (0.0007) 0.0000 (0.0000) 0.0000 (0.0000) 0.01832
Penstemon confertus 0.0000 (0.0000) 0.0000 (0.0000) 0.0007 (0.0007) 0.39662
Petaiostemon purpureum 0.0089 (0.0016) 0.0031 (0.0008) 0.0007 (0.0007) 0.00062
Phlox albomarginata 0.0006 (0.0006) 0.0000 (0.0000) 0.0039 (0.0012) 0.0087
Phlox hoodii 0.1326 (0.0175) 0.0053 (0.0032) 0.0201 (0.0088) 0.00002
Plantago lanceolata 0.0252 (0.0075) 0.0058 (0.0029) 0.0069 (0.0044) 0.04022
Polygonum bistortoides 0.0000 (0.0000) 0.0007 (0.0007) 0.0000 (0.0000) 0.39662
Potentilla hippiana 0.0026 (0.0014) 0.0000 (0.0000) 0.0008 (0.0008) 0.1664
Potentilla pensylvanica 0.0000 (0.0000) 0.0000 (0.0000) 0.0007 (0.0007) 0.39662
Senecio canus 0.0020 (0.0009) 0.0007 (0.0007) 0.0000 (0.0000) 0.16372
Solidago missouhensis 0.0022 (0.0006) 0.0098 (0.0024) 0.0095 (0.0030) 0.0574
Taraxacum officinale 0.0033 (0.0005) 0.0042 (0.0005) 0.0040 (0.0002) 0.3394
Tragopogon dubius 0.0006 (0.0006) 0.0000 (0.0000) 0.0000 (0.0000) 0.39662
Vicia americana 0.0035 (0.0003) 0.0091 (0.0018) 0.0191 (0.0035) 0.00152
Viola canadensis 0.0000 (0.0000) 0.0025 (0.0010) 0.0000 (0.0000) 0.01632
Zigadenus elegans 0.0000 (0.0000) 0.0015 (0.0009) 0.0007 (0.0007) 0.33592
Zigadenus venenosus 0.0000 (0.0000) 0.0007 (0.0007) 0.0000 (0.0000) 0.39662
forbs 0.0064 (0.0013) 0.0259 (0.0058) 0.0086 (0.0039)
Shrubs
Artemisia campestns 0.0075 (0.0019) 0.0000 (0.0000) 0.0000 (0.0000) 0.00042
Artemisia fhgida 0.0075 (0.0014) 0.0035 (0.0027) 0.0187 (0.0041) 0.0093
Juniperus horizontalis 0.0061 (0.0039) 0.0255 (0.0096) 0.0064 (0.0036) 0.08392
Potentilla fruticosa 0.0112 (0.0032) 0.0723 (0.0062) 0.0550 (0.0130) 0.0008
Prunus virginiana 0.0000 (0.0000) 0.0022 (0.0014) 0.0000 (0.0000) 0.12352
Rosa woodsii 0.0006 (0.0006) 0.0000 (0.0000) 0.0012 (0.0012) 0.56102
Other
Selaginella densa 0.2372 (0.0153) 0.0000 (0.0000) 0.0000 (0.0000) O.OOOO2
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 5. Mean relative freauency ( 1 S.E.) as influenced by grazing treatment for
moist hay meadow communities and associated p values.
GRAZING TREATMENT
Plant Species________Cattle and Wild Ungulates Wild Ungulates ' No Grazing_________ Pvalue
Grasses and Grasslike
Agrostis alba 0.0541 (0.0068)1 0.0014 (0.0006) 0.0103 (0.0051) 0.00002
Agropyron subsecundum 0.0000 (0.0000) 0.0018 (0.0010) 0.0116 (0.0046) 0.04402
Bromus inermis 0.0052 (0.0040) 0.0287 (0.0096) 0.0223 (0.0087) 0.28562
Bromus vulgaris 0.0000 (0.0000) 0.0000 (0.0000) 0.0035 (0.0015) 0.03162
Carex rossii 0.0000 (0.0000) 0.0005 (0.0005) 0.0004 (0.0004) 0.7689
Carex scirpoidea 0.0000 (0.0000) 0.0000 (0.0000) 0.0004 (0.0004) 0.49172
Carex species 0.1693 (0.0093) 0.0504 (0.0137) 0.0394 (0.0134) 0.0000
Dactyl is glome rat a 0.0000 (0.0000) 0.0004 (0.0004) 0.0000 (0.0000) 0.49172
Danthonia caiifomlca 0.0000 (0.0000) 0.0016 (0.0008) 0.0000 (0.0000) 0.08452
Deschampsia caespitosa 0.0031 (0.0011) 0.0000 (0.0000) 0.0006 (0.0004) 0.00092
Eleochans paiustris 0.0025 (0.0016) 0.0003 (0.0003) 0.0000 (0.0000) 0.02902
Festuca pratensis 0.1548 (0.0059) 0.0536 (0.0196) 0.0344 (0.0122) 0.00042
Juncus balticus 0.0571 (0.0131) 0.0523 (0.0096) 0.0814 (0.0198) 0.35682
Juncus longistyiis 0.0044 (0.0010) 0.0002 (0.0002) 0.0000 (0.0000) 0.00002
Pascopyrum smithii 0.1577 (0.0099) 0.1219 (0.0255) 0.1452 (0.0391) 0.75932
Phleum pratense 0.1625 (0.0067) 0.2006 (0.0152) 0.1540 (0.0165) 0.0832
Pseudoroegnaria spicata 0.0000 (0.0000) 0.0010 (0.0007) 0.0000 (0.0000) 0.21672
Poa pratensis 0.0033 (0.0012) 0.0100 (0.0027) 0.0084 (0.0034) 0.3843
Stipa occidentalis 0.0000 (0.0000) 0.0000 (0.0000) 0.0287 (0.0131) 0.04622
grass 0.0117 (0.0049) 0.0137 (0.0031) 0.0021 (0.0010)
Forbs
Achillea millefolium 0.0073 (0.0017) 0.0320 (0.0100) 0.0308 (0.0099) 0.26032
Agosehs glauca 0.0004 (0.0004) 0.0038 (0.0016) 0.0123 (0.0029) 0.00612
Allium cemuum 0.0004 (0.0004) 0.0022 (0.0009) 0.0000 (0.0000) 0.03932
Allium schoenoprasum 0.0008 (0.0005) 0.0003 (0.0003) 0.0031 (0.0017) 0.19392
Anemone multifida 0.0000 (0.0000) 0.0005 (0.0005) 0.0000 (0.0000) 0.49172
Antennaha anaphaloides 0.0000 (0.0000) 0.0000 (0.0000) 0.0006 (0.0004) 0.23712
Arabis nuttailii 0.0000 (0.0000) 0.0011 (0.0007) 0.0000 (0.0000) 0.21512
Arnica soroha 0.0004 (0.0004) 0.0000 (0.0000) 0.0016 (0.0014) 0.42442
Artemisia ludoviciana 0.0000 (0.0000) 0.0334 (0.0174) 0.0004 (0.0004) 0.09192
Aster falcatus 0.0000 (0.0000) 0.0148 (0.0065) 0.0040 (0.0023) 0.11382
Aster laevis 0.0124 (0.0021) 0.0418 (0.0127) 0.0250 (0.0078) 0.19662
Aster occidentalis 0.0000 (0.0000) 0.0000 (0.0000) 0.0081 (0.0060) 0.28422
Campanula rotundifolia 0.0000 (0.0000) 0.0021 (0.0021) 0.0002 (0.0002) 0.54512
Cerastium an/ense 0.0019 (0.0011) 0.0078 (0.0031) 0.0069 (0.0029) 0.45302
Cirsium an/ense 0.0000 (0.0000) 0.0043 (0.0020) 0.0125 (0.0044) 0.06042
Dodecatheon conjugens 0.0090 (0.0018) 0.0017 (0.0008) 0.0026 (0.0009) 0.00062
Equisetum an/ense 0.0000 (0.0000) 0.0021 (0.0008) 0.0010 (0.0007) 0.21942
Ehgeron speciosus 0.0000 (0.0000) 0.0044 (0.0030) 0.0130 (0.0068) 0.24862
Fragana vesca 0.0094 (0.0029) 0.0030 (0.0008) 0.0039 (0.0018) 0.0592
Gaillardia aristata 0.0000 (0.0000) 0.0021 (0.0011) 0.0000 (0.0000) 0.10332
Galium boreaie 0.0140 (0.0025) 0.1086 (0.0211) 0.1072 (0.0188) 0.01252
Geranium viscisissimum 0.0000 (0.0000) 0.0154 (0.0082) 0.0202 (0.0073) 0.26932
Geum triflorum 0.0000 (0.0000) 0.0011 (0.0011) 0.0000 (0.0000) 0.49172
Ins missounensis 0.0086 (0.0028) 0.0077 (0.0020) 0.0152 (0.0047) 0.2695
Lathyrus ochroleucus 0.0000 (0.0000) 0.0013 (0.0010) 0.0051 (0.0029) 0.26462
Linum perenne 0.0000 (0.0000) 0.0013 (0.0006) 0.0000 (0.0000) 0.04212
Medicago lupulina 0.0007 (0.0004) 0.0032 (0.0026) 0.0000 (0.0000) 0.38572
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Mentha arvensis 0.0000 (0.0000) 0.0000 (0.0000) 0.0006 (0.0004) 0.21502
Monarda fistulosa 0.0000 (0.0000) 0.0002 (0.0002) 0.0011 (0.0006) 0.17842
Oxytropis campestns 0.0000 (0.0000) 0.0004 (0.0004) 0.0000 (0.0000) Q.49172
Penstemon confertus 0.0000 (0.0000) 0.0085 (0.0045) 0.0329 (0.0115) 0.04022
Plantago lanceolata 0.0000 (0.0000) 0.0005 (0.0005) 0.0000 (0.0000) 0.49172
Polygonum bistortoldes 0.0004 (0.0004) 0.0006 (0.0006) 0.0000 (0.0000) 0.57372
Potentilla gracilis 0.0065 (0.0011) 0.0127 (0.0048) 0.0334 (0.0052) 0.00262
Prunella vulgaris 0.0004 (0.0004) 0.0000 (0.0000) 0.0000 (0.0000) 0.13462
Senecio pauperculus 0.0024 (0.0012) 0.0005 (0.0004) 0.0086 (0.0044) 0.14992
Sisynnchium angustifoliumO. 0000 (0.0000) 0.0011 (0.0006) 0.0000 (0.0000) 0.11032
Smilacina stellata 0.0016 (0.0004) 0.0028 (0.0009) 0.0178 (0.0070) 0.04842
Solidago missouhensis 0.0000 (0.0000) 0.0016 (0.0008) 0.0000 (0.0000) 0.08462
Soli da go occidentalis 0.0000 (0.0000) 0.0000 (0.0000) 0.0006 (0.0006) 0.49172
Stachys palustris 0.0000 (0.0000) 0.0000 (0.0000) 0.0003 (0.0003) 0.49172
Taraxacum officinale 0.0547 (0.0069) 0.0191 (0.0062) 0.0168 (0.0040) 0.0008
Thalictrum occidentale 0.0000 (0.0000) 0.0003 (0.0003) 0.0067 (0.0039) 0.14562
Tragopogon dubius 0.0000 (0.0000) 0.0016 (0.0011) 0.0000 (0.0000) 0.23882
Trifolium longipes 0.0449 (0.0102) 0.0185 (0.0053) 0.0264 (0.0084) 0.1205
Trifolium maritimum 0.0004 (0.0004) 0.0000 (0.0000) 0.0000 (0.0000) 0.13462
Vicia americana 0.0144 (0.0008) 0.0278 (0.0034) 0.0134 (0.0017) 0.00082
Viola canadensis 0.0007 (0.0004) 0.0005 (0.0005) 0.0024 (0.0008) 0.0996
Zigadenus elegans 0.0029 (0.0006) 0.0049 (0.0021) 0.0006 (0.0004) 0.11152
Zizia aptera 0.0063 (0.0020) 0.0050 (0.0018) 0.0022 (0.0013) 0.2563
forbs 0.0132 (0.0021) 0.0163 (0.0035) 0.0168 (0.0061)
Shrubs
Potentilla fruticosa 0.0000 (0.0000) 0.0070 (0.0044) 0.0000 (0.0000) 0.17942
Rosa woodsii 0.0000 (0.0000) 0.0273 (0.0112) 0.0030 (0.0016) 0.04172
Salix bebbiana 0.0000 (0.0000) 0.0003 (0.0003) 0.0000 (0.0000) 0.49172
Symphoricarpos albus 0.0000 (0.0000) 0.0072 (0.0063) 0.0000 (0.0000) 0.39542
Trees
Populus tremuloides 0.0000 (0.0000) 0.0003 (0.0003) 0.0000 (0.0000) 0.49172
= Standard error of the mean
= Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 6. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for dry
hay meadow communities and associated p values.
GRAZING TREATMENT
Plant Species_______ Cattle and Wild Ungulates Wild Ungulates___________ pvalue
Grasses and Grasslike
Bromus inermis 0.4610 (0.0535)1 0.6198 (0.0632) 0.0912
Bromus tectorum 0.0088 (0.0073) 0.0000 (0.0000) 0.26462
Carex species 0.0188 (0.0188) 0.0000 (0.0000) 0.34662
Dactylis glomerata 0.0031 (0.0019) 0.0000 (0.0000) 0.14602
Festuca pratensis 0.0008 (0.0008) 0.0000 (0.0000) 0.34662
Pascopyrum smithii 0.2428 (0.0849) 0.2999 (0.0784) 0.6345
Phleum pratense 0.0030 (0.0022) 0.0000 (0.0000) 0.20862
Poa pratensis 0.0438 (0.0167) 0.0000 (0.0000) 0.03082
Stipa viridula 0.0289 (0.0242) 0.0000 (0.0000) 0.26652
Forbs
Achillea millefolium 0.0101 (0.0021) 0.0000 (0.0000) 0.00152
Alyssum alyssoides 0.0349 (0.0167) 0.0000 (0.0000) 0.07012
Androsace filiformis 0.0020 (0.0013) 0.0000 (0.0000) 0.15502
Carduus nutans 0.0080 (0.0028) 0.0013 (0.0013) 0.0647
Cirsium an/ense 0.0136 (0.0025) 0.0038 (0.0017) 0.0119
Cynoglossum officinale 0.0392 (0.0075) 0.0376 (0.0134) 0.9160
Draba vema 0.0035 (0.0026) 0.0000 (0.0000) 0.22112
Galium aparine 0.0008 (0.0008) 0.0000 (0.0000) 0.34662
Hacklia micrantha 0.0029 (0.0018) 0.0000 (0.0000) 0.14582
Medicago lupulina 0.0281 (0.0183) 0.0041 (0.0018) 0.22842
Monarda fistulosa 0.0008 (0.0008) 0.0000 (0.0000) 0.34662
Silene cucubalus 0.0008 (0.0008) 0.0000 (0.0000) 0.34662
Taraxacum officinale 0.0403 (0.0116) 0.0315 (0.0049) 0.5041
Thlapsi an/ense 0.0015 (0.0009) 0.0000 (0.0000) 0.14162
Trifolium longipes 0.0000 (0.0000) 0.0010 (0.0010) 0.34662
Vicia americana 0.0010 (0.0010) 0.0011 (0.0011) 0.9853
Shrubs
Symphoricarpos albus 0.0017 (0.0017) 0.0000 (0.0000) 0.34662
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 7. Mean relative frequency ( 1 S.E.) as influenced by grazing treatment for
shrub communities and associated p values.
GRAZING TREATMENT
Plant Species________ Cattle and Wild Ungulates Wild Ungulates_____ No Grazing______Pvalue
G rasses and Grasslike
Agrostis alba 0.0000 (0.0000)1 0.0010 (0.0010) 0.0000 (0.0000) 0.49172
Agropyron subsecundum 0.0000 (0.0000) 0.0016 (0.0011) 0.0009 (0.0009) 0.57162
Bromus inermis 0.0014 (0.0014) 0.0000 (0.0000) 0.0045 (0.0030) 0.28572
Bromus vulgaris 0.0086 (0.0006) 0.0113 (0.0030) 0.0069 (0.0015) 0.3540
Carex species 0.0000 (0.0000) 0.0086 (0.0036) 0.0042 (0.0014) 0.14512
Danthonia parryi 0.0000 (0.0000) 0.0032 (0.0016) 0.0000 (0.0000) 0.08342
Festuca idahoensis 0.0000 (0.0000) 0.0028 (0.0014) 0.0053 (0.0023) 0.22572
Festuca scabrella 0.0000 (0.0000) 0.0114 (0.0067) 0.0000 (0.0000) 0.14342
Pascopyrum smithii 0.0083 (0.0049) 0.0281 (0.0109) 0.0793 (0.0379) 0.21052
Phleum pratense 0.1101 (0.0266) 0.0551 (0.0073) 0.0107 (0.0004) 0.00002
Poa palustris 0.0000 (0.0000) 0.0008 (0.0008) 0.0010 (0.0010) 0.7730
Poa pratensis 0.0015 (0.0015) 0.0025 (0.0016) 0.0007 (0.0007) 0.6617
Pseudoroegnaha spicata 0.0000 (0.0000) 0.0018 (0.0012) 0.0038 (0.0016) 0.22252
grass 0.0000 (0.0000) 0.0039 (0.0020) 0.0000 (0.0000)
Forbs
Achillea millefolium 0.0033 (0.0020) 0.0184 (0.0048) 0.0083 (0.0022) 0.03622
Anemone multifida 0.0000 (0.0000) 0.0012 (0.0012) 0.0007 (0.0007) 0.7413
Antennaria rosea 0.0000 (0.0000) 0.0000 (0.0000) 0.0009 (0.0009) 0.49172
Arctium minus 0.0269 (0.0078) 0.0000 (0.0000) 0.0000 (0.0000) 0.00002
Artemisia ludoviciana 0.0000 (0.0000) 0.0141 (0.0045) 0.0072 (0.0024) 0.05842
Aster conspicuus 0.0065 (0.0016) 0.0000 (0.0000) 0.0170 (0.0063) 0.02362
Astragalus drummondii 0.0000 (0.0000) 0.0000 (0.0000) 0.0009 (0.0009) 0.49172
Aster falcatus 0.0000 (0.0000) 0.0000 (0.0000) 0.0058 (0.0025) 0.03212
Aster fo/iaceus 0.0000 (0.0000) 0.0068 (0.0046) 0.0000 (0.0000) 0.22062
Aster laevis 0.0000 (0.0000) 0.0016 (0.0011) 0.0009 (0.0009) 0.5929
Aster occidentalis 0.0000 (0.0000) 0.0029 (0.0021) 0.0000 (0.0000) 0.28662
Balsamorhiza sagitatta 0.0000 (0.0000) 0.0121 (0.0086) 0.0521 (0.0211) 0.07942
Campanula rotundifolia 0.0000 (0.0000) 0.0021 (0.0014) 0.0000 (0.0000) 0.23462
Cerastium arvense 0.0000 (0.0000) 0.0023 (0.0015) 0.0018 (0.0012) 0.57112
Chenopodium album 0.0099 (0.0022) 0.0000 (0.0000) 0.0000 (0.0000) 0.00002
Chrysopsis villosa 0.0000 (0.0000) 0.0009 (0.0009) 0.0000 (0.0000) 0.49172
Cirsium undulatum 0.0000 (0.0000) 0.0010 (0.0010) 0.0000 (0.0000) 0.49172
Convolvulus arvensis 0.0360 (0.0102) 0.0082 (0.0041) 0.0070 (0.0028) 0.0021
Cynoglossum officinale 0.0810 (0.0054) 0.0226 (0.0077) 0.0126 (0.0051) 0.0000
Epilobium angustifolium 0.0000 (0.0000) 0.0023 (0.0016) 0.0000 (0.0000) 0.22592
Erigeron caespitosus 0.0000 (0.0000) 0.0009 (0.0009) 0.0000 (0.0000) 0.49712
Erigeron speciosus 0.0000 (0.0000) 0.0062 (0.0022) 0.0071 (0.0041) 0.37342
Fragaria vesca 0.0124 (0.0029) 0.0100 (0.0034) 0.0064 (0.0019) 0.4107
Galium aparine 0.0000 (0.0000) 0.0032 (0.0032) 0.0000 (0.0000) 0.49172
Galium boreale 0.0079 (0.0003) 0.0167 (0.0035) 0.0262 (0.0086) 0.20942
Geranium viscosissimum 0.0234 (0.0051) 0.0677 (0.0130) 0.0241 (0.0069) 0.0069
Geum rivale 0.0112 (0.0033) 0.0000 (0.0000) 0.0010 (0.0010) 0.00002
Hacklia micrantha 0.0153 (0.0027) 0.0010 (0.0010) 0.0010 (0.0010) 0.0000
Lithospermum ruderale 0.0000 (0.0000) 0.0012 (0.0012) 0.0009 (0.0009) 0.7748
Lomatium cous 0.0000 (0.0000) 0.0000 (0.0000) 0.0010 (0.0010) 0.49172
Lomatium dissectum 0.0000 (0.0000) 0.0046 (0.0020) 0.0054 (0.0034) 0.45642
Lupmus sericeus 0.0000 (0.0000) 0.0009 (0.0009) 0.0000 (0.0000) 0.49172
Monarda fistulosa 0.0038 (0.0023) 0.0574 (0.0089) 0.0384 (0.0111) 0.00992
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Penstemon confertus 0.0048 (0.0020) 0.0023 (0.0023) 0.0121 (0.0045) 0.11232
Potentilla gracilis 0.0000 (0.0000) 0.0000 (0.0000) 0.0009 (0.0009) 0.49172
Smilacma racemosa 0.0000 (0.0000) 0.0000 (0.0000) 0.0010 (0.0010) 0.49172
Smilacina stellata 0.0033 (0.0020) 0.0049 (0.0020) 0.0031 (0.0016) 0.7535
Taraxacum officinale 0.0046 (0.0019) 0.0049 (0.0017) 0.0000 (0.0000) 0.01962
Tragopogon dubius 0.0000 (0.0000) 0.0000 (0.0000) 0.0022 (0.0015) 0.21992
Urtica dioica 0.0644 (0.0067) 0.0150 (0.0080) 0.0696 (0.0275) 0.10662
Vicia americana 0.0098 (0.0035) 0.0084 (0.0017) 0.0118 (0.0019) 0.4803
Viola canadensis 0.0000 (0.0000) 0.0013 (0.0013) 0.0017 (0.0012) 0.6624
Zigadenus elegans 0.0000 (0.0000) 0.0000 (0.0000) 0.0009 (0.0009) 0.49172
forbs 0.0000 (0.0000) 0.0037 (0.0019) 0.0009 (0.0009)
Shrubs
Amelanchier alnifolia 0.0000 (0.0000) 0.0043 (0.0043) 0.0742 (0.0284) 0.02232
Potentilla fruticosa 0.0000 (0.0000) 0.0125 (0.0073) 0.0008 (0.0008) 0.16862
Prunus virginiana 0.0476 (0.0039) 0.1462 (0.0196) 0.1409 (0.0245) 0.02182
Rosa woodsii 0.3849 (0.0357) 0.2059 (0.0153) 0.2458 (0.0433) 0.01102
Symphoricarpos albus 0.1121 (0.0154) 0.1878 (0.0234) 0.0876 (0.0100) 0.00122
shrubs 0.0000 (0.0000) 0.0000 (0.0000) 0.0046 (0.0024)
= Standard error of the mean
= Homogeneity of variance could not be achieved, thus the species couid not be tested
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Appendix Table D 8. Mean frequency (1 S.E.) as influenced by grazing treatment for aspen
communities and associated p values.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Ungulates No Grazing Pvalue
Grasses and Grasslike 
Agrostis alba 2.24 (0.73)1 2.11 (0.70) 0.49 (0.20) 0.06032
Alopecurus alpinum 0.00 (0.00) 0.00 (0.00) 1.33 (0.74) 0.08232
Bromus inermis 0.00 (0.00) 0.21 (0.15) 1.15 (0.71) 0.19882
Bromus vulgaris 0.40 (0.16) 0.27 (0.12) 0.17 (0.21) 0.5150
Carex species 0.10 (0.10) 0.31 (0.14) 0.86 (0.22) 0.01202
Dactylis glomerata 0.00 (0.00) 0.13 (0.09) 0.00 (0.00) 0.18302
Danthonia califomica 0.38 (0.21) 0.13 (0.09) 0.07 (0.07) 0.18302
Elymus glaucus 0.42 (0.24) 0.07 (0.07) 0.20 (0.11) 0.20602
Festuca pratensis 1.38 (0.88) 0.07 (0.07) 0.67 (0.30) 0.13422
Juncus balticus 0.10 (0.10) 0.07 (0.07) 0.28 (0.12) 0.26292
Phleum pratense 16.70 (4.58) 21.67 (7.11) 4.80 (1.23) 0 .05192
Poa palustns 0.20 (0.13) 0.27 (0.12) 0.20 (0.11) 0.8951
Poa pratensis 0.20 (0.13) 0.20 (0.11) 0.20 (0.11) 1.0000
Trisetum canescens 0.70 (0.70) 0.07 (0.07) 0.00 (0.00) 0.26352
Forbs
Achillea millefolium 0.88 (0.40) 0.41 (0.14) 1.41 (0.50) 0.1662
Actaea rubra 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.22752
Agoseris glauca 0.10 (0.10) 0.39 (0.15) 0.77 (0.21) 0.03822
Allium cemuum 0.00 (0.00) 0.07 (0.07) 0.00 (0.00) 0.44582
Anemone multifida 0.30 (0.15) 0.07 (0.07) 0.28 (0.12) 0.27012
Angelica arguta 0.34 (0.25) 0.07 (0.07) 0.41 (0.24) 0.38762
Antennaria anaphyloides 0.10 (0.10) 0.20 (0.11) 0.27 (0-12) 0.6138
Antennaria rosea 0.10 (0.10) 0.00 (0.00) 0.07 (0.07) 0.51642
Arctium minus 0.10 (0.10) 3.45 (2.22) 1.61 (1.22) 0.39292
Arnica soroha 0.00 (0.00) 0.13 (0.09) 0.07 (0.07) 0.47872
Aster conspicuus 0.22 (0.22) 0.20 (0.14) 0.07 (0.07) 0.6986
Aster laevis 0.66 (0.23) 1.15 (0.47) 1.75 (0.38) 0.1661
Aster occidentalis 0.54 (0.18) 1.37 (0.85) 3.52 (2-14) 0.4479
Campanula rotundifolia 0.30 (0.15) 0.20 (0.11) 0.20 (0.11) 0.8187
Castelleja miniata 0.34 (0.25) 0.00 (0.00) 0.00 (0.00) 0.06992
Cerastium arvense 0.10 (0.10) 0.15 (0.10) 0.20 (0-11) 0.8111
Cirsium arvense 1.44 (0.58) 0.53 (0.22) 0.55 (0.23) 0.12832
Cynoglossum officinale 0.00 (0.00) 0.07 (0.07) 0.00 (0.00) 0.44582
Dodecatheon conjugens 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.22752
Equisetum arvense 0.00 (0.00) 0.07 (0.07) 0.07 (0.07) 0.7208
Erigeron speciosus 0.00 (0.00) 0.08 (0.08) 0.47 (0.24) 0.11502
Fragaha vesca 3.90 (1.10) 1.41 (0.54) 1.57 (0.41) 0.0368
Fragaria virginiana 0.00 (0.00) 0.00 (0.00) 0.35 (0.35) 0.44582
Galium apahne 0.42 (0.17) 0.13 (0.09) 0.41 (0.19) 0.32752
Galium boreale 2.76 (0.72) 1.55 (0.51) 1.85 (0.31) 0.26072
Geranium richardsonii 0.72 (0.27) 0.00 (0.00) 0.40 (0.19) 0.02342
Geranium viscosissimum 0.30 (0.15) 1.67 (0.38) 1.77 (0.56) 0.0384
Geum hvale 0.94 (0.27) 0.00 (0.00) 0.55 (0.24) 0.00672
Geum triflorum 0.00 (0.00) 0.13 (0.09) 0.00 (0.00) 0.18302
Helianthella uniflora 0.00 (0.00) 0.21 (0.11) 0.00 (0.00) 0.06982
Heracleum lanatum 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.22752
Ins missouhensis 1.70 (0.57) 0.40 (0.13) 0.27 (0.12) 0.00222
Lathyrus ochroleucus 1.78 (0.42) 1.11 (0.55) 2.72 (0.98) 0.28832
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Ligusticum tenuifolium 0.00 (0.00)
Lomatium cous 0.00 (0.00)
Mentha arvensis 0.00 (0.00)
Monarda fistulosa 0.20 (0.13)
Osmorhiza chilensis 2.06 (0.85)
Penstemon confenus 1.22 (0.40)
Peridehdla gairdneh 0.44 (0.18)
Plantago major 0.10 (0.10)
Polygonum bistortoides 0.30 (0.15)
Potentilla gracilis 0.78 (0.18)
Senecio pauperculus 0.20 (0.13)
Smilacina stellata 1.88 (0.73)
Solidago occidentalis 1.18 (0.66)
Taraxacum officinale 7.18 (0.83)
Thalictrum occidentale 1.56 (0.67)
Trifolium longipes 1.54 (0.50)
Vicia amehcana 1.48 (0.38)
Viola canadensis 0.30 (0.15)
Zigadenus elegans 0.56 (0.23)
Zizia aptera 0.00 (0.00)
Shrubs
Amelanchier alnifolia 0.00 (0.00)
Arctostaphylos uva-ursi 0.00 (0.00)
Juniperus communis 0.00 (0.00)
Juniperus horizontalis 0.16 (0.16)
Mahonia repens 0.16 (0.16)
Potentilla fruticosa 0.88 (0.57)
Prunus virginiana 0.10 (0.10)
Rosa woodsii 8.52 (1.47)
Salix bebbiana 2.90 (2.10)
Shepherdia canadensis 0.16 (0.16)
Spirea betulifolia 1.52 (0.88)
Symphoncarpos albus 13.90 (4.22)
Trees
Populus tremuloides 75.56 (4.13)
Pseudotsuga menziesii 0.00 (0.00)
Other
Selaginella densa 0.58 (0.58)
bareground 10.58 (3.70)
litter 89.08 (4.10)
0 00 (0.00) 0.21 (0.11) 0.06982
0.00 (0.00) 0.07 (0.07) 0.44582
1.21 (0.50) 0.00 (0.00) 0.01382
0.56 (0.29) 0.27 (0.21) 0.5343
0.49 (0.17) 1.04 (0.21) 0.04452
0 49 (0.24) 1.16 (0.39) 0.2590
0.27 (0.12) 0.47 (0.13) 0.5309
0.00 (0.00) 0.00 (0.00) 0.22752
0.00 (0.00) 0.07 (0.07) 0.04212
0.37 (0.15) 0.88 (0.23) 0.1387
0.00 (0.00) 0.27 (0.12) 0.11322
0.21 (0.11) 1.19 (0.33) 0.01962
1.47 (0.99) 2.16 (1.16) 0.7942
4.43 (0.68) 3.92 (0.78) 0.0182
1.68 (0.71) 1.25 (0.33) 0.9010
0.40 (0.13) 0.75 (0.16) 0.0161
1.88 (0.26) 1.25 (0.23) 0.2495
0.47 (0-13) 0.57 (0.15) 0.4601
0.20 (0.11) 0.35 (0.13) 0.27952
0.07 (0.07) 0.07 (0.07) 0.7208
0.56 (0.31) 0.21 (0.18) 0.28602
0.00 (0.00) 0.37 (0.21) 0.09242
0.00 (0.00) 0.07 (0.07) 0.44582
0.11 (0.11) 0.19 (0.19) 0.9271
0.07 (0.07) 0.00 (0.00) 0.42402
1.05 (0.69) 1.09 (0.52) 0.9712
0.59 (0.38) 0.95 (0.43) 0.3307
15.60 (3.74) 24.88 (3.20) 0.00622
0.00 (0.00) 1.29 (1.01) 0.22842
0.00 (0.00) 0.00 (0.00) 0.22752
0.39 (0.22) 0.69 (0.63) 0.4149
23.47 (5.31) 8.12 (1.75) 0.02542
70.73 (4.55) 56.48 (6.77) 0.05722
0.13 (0.13) 0.00 (0.00) 0.44582
0.00 (0.00) 0.00 (0.00) 0.22752
1.00 (0.00) 1.00 (0.00) 0.00032
99.49 (0.41) 97.89 (1.54) 0.00402
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 9. Mean frequency ( 1 S.E.) as influenced by grazing treatment for bluebunch
wheatgrass community and associated p values.
GRAZING TREATMENT
Plant Species_______________ Cattle and Wild Ungulates Wild Ungulates_______No Grazing Rvalue
Grasses and Grasslike
Bromus vulgaris 0.00 (0.00)1 0.00 (0.00) 0.67 (0.67) 0.42192
Carex fill folia 3.60 (0.46) 1.40 (0.87) 0.00 (0.00) 0.0119
Carex species 2.07 (0.64) 13.80 (9.43) 12.47 (8.79) 0.2940
Danthonia parryi 2.67 (1.45) 10.20 (5.19) 5.27 (1.27) 0.31042
Festuca idahoensis 4.27 (1.05) 5.87 (2.49) 11.33 (0.68) 0.0469
Festuca scabrella 0.67 (0.33) 4.33 (3.12) 0.00 (0.00) 0.1982
Koeleria cnstata 1.72 (0.41) 0.67 (0.33) 0.00 (0.00) 0.02772
Pascopyrum smithii 15.67 (7.82) 14.20 (1.36) 31.73 (12.08) 0.3638
Phleum pratense 70.07 (8.29) 79.67 (0.82) 59.00 (3.50) 0.0785
Poa pratensis 0.00 (0.00) 0.00 (0.00) 1.20 (1.20) 0.42192
Pseudoroegnaria spicatum 7.60 (3.32) 5.33 (2.95) 10.53 (0.24) 0.3259
St/pa v/ridula 
Forbs
0.60 (0.60) 0.00 (0.00) 0.73 (0.73) 0.62442
Achillea millefolium 9.67 (4.29) 3.47 (129) 32.60 (5.08) 0.0043
Allium cemuum 1.20 (0.20) 1.00 (0.00) 1.47 (0.24) 0.12022
Alyssum alyssoides 6.20 (6.20) 0.00 (0.00) 0.00 (0.00) 0.42192
Anemone multifida 0.00 (0.00) 0.33 (0.33) 0.33 (0.33) 0.62972
Antennaria rosea 0.00 (0.00) 4.40 (4.40) 2.40 (0.70) 0.51892
Arenaha congesta 0.00 (0.00) 4.80 (0.87) 2.53 (1.27) 0.02492
Artemisia ludoviciana 0.00 (0.00) 0.00 (0.00) 5.33 (2.89) 0.10222
Aster laevis 0.00 (0.00) 0.87 (0.87) 0.33 (0.33) 0.54852
Astragalus drummondii 2.27 (0.37) 6.07 (1.91) 2.33 (1.05) 0.1315
Balsamorhiza sagittata 20.13 (9.24) 24.27 (10.99) 54.33 (12.84) 0.1371
Besseya wyomingensis 0.00 (0.00) 0.00 (0.00) 0.60 (0.60) 0.42192
Cerastium an/ense 29.80 (5.50) 12.53 (3.45) 3.07 (0.94) 0.00682
Chrysopsis villosa 0.00 (0.00) 10.67 (2.43) 13.47 (0.58) 0.0013
Collinsia parviflora 0.00 (0.00) 0.00 (0.00) 1.27 (1.27) 0.42192
Collomia linearis 0.00 (0.00) 0.00 (0.00) 3.27 (1.13) 0.01872
Comandra umbellata 1.53 (0.29) 2.73 (1.38) 0.00 (0.00) 0.13552
Crepis runcinata 0.00 (0.00) 0.33 (0.33) 0.00 (0.00) 0.42192
Descurainia pinnata 0.67 (0.33) 0.00 (0.00) 0.00 (0.00) 0.07872
Erigeron caespitosus 11.00 (5.30) 3.73 (1.46) 0.53 (0.53) 0.0249
Ehgeron speciosus 0.00 (0.00) 0.00 (0.00) 1.80 (1.10) 0.14812
Fragaria vesca 0.00 (0.00) 0.00 (0.00) 0.80 (0.80) 0.42192
Gaillardia ahstata 0.33 (0.33) 0.00 (0.00) 0.33 (0.22) 0.62972
Galium bo re ale 2.47 (1.27) 14.53 (1.96) 26.87 (2.54) 0.0003
Gaura coccinea 2.53 (0.18) 1.73 (1.27) 0.00 (0.00) 0.12042
Iris missouhensis 0.33 (0.33) 0.60 (0.60) 0.00 (0.00) 0.59072
Liatris punctata 2.93 (1.05) 11.00 (0.42) 0.00 (0.00) 0.0001
Linum perenne 1.00 (0.00) 0.67 (0.33) 0.67 (0.33) 0.62972
Lithospermum ruderale 1.33 (0.33) 0.80 (0.42) 1.20 (0.69). 0.7497
Lomatium dissectum 0.00 (0.00) 0.00 (0.00) 2.27 (1.19)' 0.09152
Lomatium macrocarpum 0.67 (0.33) 0.33 (0.33) 1.40 (0.81) 0.4155
Lupinus sehceus 8.87 (2.74) 1.93 (1.01) 2.07 (1.16) 0.0572
Monarda fistulosa 0.00 (0.00) 0.00 (0.00) 1.93 (1.93) 0.42192
Petalostemon purpureum 0.00 (0.00) 1.20 (0.76) 0.00 (0.00) 0.16132
Phlox albomarginata 1.53 (1.07) 8.73 (3.14) 0.33 (0.33) 0.0427
Phlox hoodii 0.00 (0.00) 1.00 (1.00) 0.00 (0.00) 0.42192
111
Plantago lanceolata 0.00 (0.00) 0.00 (0.00) C.33 (0.33) 0.42192
Potentilla pensylvanica 0.67 (0.33) 0.93 (0.93) 0.00 (0.00) 0.53052
Sisynnchium angustifolium 0.00 (0.00) 0.33 (0.33) 0.33 (0.33) 0.62972
Solidago missounensis 0.00 (0.00) 0.00 (0.00) 1.33 (0.24) 0.00072
Taraxacum officinale 0.33 (0.33) 0.67 (0.33) 0.67 (0.33) 0.7290
Tragopogon dubius 1.13 (0.13) 0.00 (0.00) 0.73 (0.73) 0.24662
Trifolium longipes 0.00 (0.00) 0.00 (0.00) 1.20 (1.20) 0.42192
Vicia amencana 4.07 (2.43) 5.40 (2.77) 18.60 (2.27) 0.0114
Viola nuttallii 0.00 (0.00) 0.40 (0.40) 0.80 (0.42) 0.30852
Zigadenus venenosus 0.00 (0.00) 0.33 (0.33) 1.27 (0.18) 0.01532
Shrubs
Amelanchier alnifolia 0.67 (0.67) 0.00 (0.00) 0.33 (0.33) 0.57872
Artemisia fngida 9.93 (1-51) 7.67 (3.84) 0.00 (0.00) 0.05732
Potentilla fruticosa 1.20 (0.69) 4.40 (4.40) 4.53 (193) 0.65572
Prunus virginiana 0.00 (0.00) 4.20 (4.20) 3.67 (1.07) 0.47882
Rosa woodsii 0.67 (0.33) 0.53 (0.53) 0.33 (0.33) 0.8503
Symphoricarpos albus 17.60 (9.82) 25.27 (8.83) 33.40 (14.66) 0.6401
Other
bareground 37.78 (3.82) 16.47 (5.54) 2.27 (1.16) 0.0020
litter 62.13 (3.82) 83.53 (5.54) 96.33 (0.35) 0.00232
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
112
Appendix Table D 10. Mean frequency ( 1 S.E.) as influenced by grazing treatment for shrubby
cinquefoil/rough fescue communities and associated p values.
GRAZING TREATMENT
Plant Species______________Cattle and Wild Ungulates Wild Ungulates_______ No Grazing Pvalue
Grasses and Grasslike
Agropyron caninum 3.92 (3.31 )1 0.00 (0.00) 0.00 (0.00) 0.26282
Agropyron dasystachyum 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.38112
Agropyron subsecundum 0.00 (0.00) 1.88 (0.80) 3.08 (1.88) 0.19472
Carex concinnoides 0.00 (0.00) 0.10 (0.10) 0.20 (0.20) 0.5714
Carex filifolia 2.40 (1.25) 1.54 (0.53) 1.60 (0.60) 0.73422
Carex rossii 7.98 (3.08) 3.02 (1.05) 4.66 (1-83) 0.27012
Carex scirpoidea 3.70 (1.63) 1.74 (0.80) 1.16 (0.55) 0.24682
Carex species 4.56 (1.60) 0.54 (0.40) 1.54 (0.61) 0.02482
Danthonia califomica 0.00 (0.00) 1.54 (0.29) 0.26 (0.18) 0.00002
Danthonia parryi 34.66 (8.10) 51.70 (3.86) 37.28 (12.21) 0.34722
Festuca idahoensis 15.56 (2.09) 13.24 (1-69) 10.94 (1.78) 0.2328
Festuca scabrella 19.80 (3.40) 41.64 (3.88) 45.86 (7.16) 0.0008
Juncus tenuis 0.00 (0.00) 0.20 (0.13) 0.00 (0.00) 0.12482
Koeleha chstata 3.30 (1.14) 1.62 (0.64) 0.82 (0.36) 0.09282
Pascopyrum smithii 17.40 (3.13) 2.88 (0.80) 3.60 (1.03) 0.0000
Phleum pratense 1.04 (0.37) 31.96 (9.65) 30.94 (10.31) 0.01862
Poa palusths 0.00 (0.00) 0.28 (0.20) 0.10 (0.10) 0.30312
Poa pratensis 0.40 (0.40) 0.50 (0.50) 0.00 (0.00) 0.6049
Pseudoroegnaha spicata 0.00 (0.00) 4.02 (1.60) 0.10 (0.10) 0.00622
Stipa vihdula 
Forbs
0.00 (0.00) 0.32 (0.23) 0.00 (0.00) 0.16702
Achillea millefolium 5.68 (1.79) 17.92 (4.08) 13.56 (2.99) 0.0298
Agoseris glauca 6.92 (1.74) 2.84 (0.40) 1.72 (0.49) 0.00482
Allium cemuum 0.30 (0.15) 0.30 (0.15) 0.00 (0.00) 0.16492
Androsace filiformis 0.12 (0.12) 0.00 (0.00) 0.00 (0.00) 0.38112
Anemone multifida 12.24 (1.70) 4.72 (0.73) 5.68 (1.88) 0.00312
Antennaria anaphyloides 1.58 (0.46) 6.36 (0.74) 9.88 (1.50) 0.0000
Antennaria neglecta 0.00 (0.00) 0.30 (0.15) 0.00 (0.00) 0.03362
Antennaria rosea 2.10 (0.95) 4.88 (1-25) 4.28 (1.84) 0.2339
Arabis nuttallii 0.62 (0.17) 0.68 (0.25) 1.30 (0.54) 0.3425
Arenaria congesta 3.70 (1.42) 4.04 (0.53) 1.24 (0.23) 0.06832
Arnica soroha 0.62 (0.43) 2.90 (0.72) 0.50 (0.17) 0.0007
Artemisia ludoviciana 0.00 (0.00) 0.20 (0.13) 0.72 (0.51) 0.24882
Aster falcatus 0.34 (0.34) 0.00 (0.00) 0.00 (0.00) 0.38112
Aster laevis 2.94 (1.39) 2.44 (0.74) 4.04 (1.54) 0.6657
Besseya wyomingensis 1.36 (0.33) 2.16 (0.69) 0.80 (0.30) 0.14642
Bupleurum amehcanum 0.70 (0.34) 0.34 (0.18) 0.72 (0.28) 0.5513
Campanula rotundifolia 1.62 (0.78) 1.96 (0.40) 0.00 (0.00) 0.9077
Cerastium an/ense 11.20 (1.50) 4.96 (0.90) 7.50 (0.58) 0.00122
Chrysopsis villosa 0.66 (0.27) 0.50 (0.17) 0.80 (0.47) 0.9251
Clematis hirsutissima 0.40 (0.22) 0.20 (0.13) 0.20 (0.13) 0.6278
Comandra umbellata 2.12 (1.17) 0.00 (0.00) 0.00 (0.00) 0.05232
Dodecatheon conjugens 5.94 (2.30) 5.42 (2.06) 1.18 (0.48) 0.14252
Douglasia montana 1.10 (0.44) 0.30 (0.15) 1.20 (0.48) 0.21262
Erigeron caespitosus 7.26 (1.79) 3.06 (1.46) 3.10 (1.35) 0.1064
Erigeron coulteri 0.00 (0.00) 0.00 (0.00) 0.24 (0.16) 0.13322
Ehgeron glabellus 0.12 (0.12) 0.00 (0.00) 0.00 (0.00) 0.38112
Erigeron speciosus 0.00 (0.00) 1.00 (0.36) 7.64 (2.80) 0.00502
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Erysimum repandum 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.38112
Fragana vesca 3.60 (1.15) 0.00 (0.00) 2.14 (0.92) 0.01982
Gaillardia anstata 0.32 (0.16) 0.68 (0.32) 0.30 (0.15) 0.4125:
Galium boreaie 34.08 (5.62) 29.02 (5.12) 21.54 (3.25) 0.1936
Geranium viscosissimum 0.62 (0.32) 0.40 (0.16) 4.96 (1.99) 0.01602
Geum triflorum 0.00 (0.00) 8.14 (2.95) 0.94 (0.71) G.00522
Hedysarum sulfurescens 8.42 (1.20) 1.62 (0.62) 5.14 (1.93) 0.00592
Heuchera grossulanifolia 0.92 (0.26) 0.58 (0.20) 0.72 (0.26) 0.6117
Hymenoxys acaulis 0.28 (0.28) 0.00 (0.00) 0.00 (0.00) 0.38112
Ins missounensis 0.00 (0.00) 0.00 (0.00) 0.20 (0.13) 0.12482
Linum perenne 0.10 (0.10) 0.00 (0.00) 0.00 (0.00) 0.38112
Lithospermum ruderale 0.31 (0.23) 1.76 (0.80) 0.64 (0.34) 0.12442
Lomatium cous 0.42 (0.24) 0.52 (0.17) 0.20 (0.13) 0.4734
Lomatium dissectum 0.00 (0.00) 0.00 (0.00) 0.16 (0.16) 0.38112
Lomatium macrocarpum 0.30 (0.15) 0.30 (0.15) 0.00 (0.00) 0.16492
Lupinus senceus 6.22 (1.44) 7.68 (1.80) 5.14 (1.59) 0.5515
Lynchis drummondii 0.26 (0.18) 0.40 (0.16) 0.00 (0.00)
Orthocarpus luteus 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.38112
Oxytropis campestris 2.34 (0.84) 0.72 (0.27) 0.94 (0.41) 0.10832
Oxytropis sericea 1.42 (0.74) 0.00 (0.00) 0.00 (0.00) 0.05032
Penstemon confertus 0.00 (0.00) 1.00 (0.47) 7.34 (2.54) 0.00332
Perideridia gairdneri 0.00 (0.00) 1.64 (0.60) 2.34 (0.82) 0.02672
Phlox albomarginata 4.34 (1.51) 0.34 (0.18) 1.26 (0.55) 0.01412
Phlox hoodii 13.06 (5.21) 0.50 (0.22) 0.72 (0.41) 0.00882
Plantago lanceolata 0.16 (0.16) 0.00 (0.00) 0.64 (0.44) 0.23192
Polygonum bistortoides 0.00 (0.00) 4.04 (1.09) 1.20 (0.46) 0.00092
Potentilla gracilis 0.10 (0.10) 0.64 (0.37) 1.88 (0.84) 0.07002
Potentilla hippiana 0.88 (0.38) 0.46 (0.25) 0.00 (0.00) 0.07832
Potentilla pensylvanica 0.10 (0.10) 0.10 (0.10) 0.20 (0.13) 0.7694
Senecio canus 0.46 (0.27) 0.14 (0.14) 0.00 (0.00) 0.18702
Sisynnchium angustifolium 0.00 (0.00) 0.00 (0.00) 0.30 (0.15) 0.03362
Solidago missouriensis 5.54 (2.03) 1.66 (0.53) 1.20 (0.21) 0.0340
Taraxacum officinale 0.30 (0.15) 1.40 (0.37) 1.16 (0.43) 0.0490
Tragopogon dubius 0.10 (0.10) 0.20 (0.13) 0.00 (0.00) 0.35382
Trifolium longipes 15.04 (5.02) 13.32 (5.22) 3.74 (1-42) 0.14962
Vicia americana 0.50 (0.22) 5.38 (1.26) 2.78 (0.60)
Zigadenus elegans 0.84 (0.84) 0.92 (0.36) 0.90 (0.49) 0.9952
Zigadenus venenosus 1.40 (0.66) 0.42 (0.17) 0.30 (0.15) 0.12462
Shrubs
Amelanchier alnifolia 0.88 (0.50) 0.74 (0.33) 0.40 (0.31) 0.6722
Artemisia fhgida 0.00 (0.00) 0.00 (0.00) 0.28 (0.28) 0.38112
Clematis columbiana 0.12 (0.12) 0.00 (0.00) 0.64 (0.44) 0.20462
Juniperus communis 0.00 (0.00) 0.10 (0.10) 0.00 . (0.00) 0.3844
Juniperus hohzontalis 3.26 (1-64) 1.00 (0.44) 6.78 (3.75) 0.4741
Potentilla fruticosa 15.76 (1.82) 17.94 (2.63) 24.48 (2.59) 0.0395
Rosa woodsii 2.52 (0.66) 1.00 (0.23) 5.52 (1.01) 0.0002
Symphoncarpos albus 0.00 (0.00) 0.00 (0.00) 3.40 (1.77) 0.03822
Other
Selaginella densa 10.82 (5.40) 3.84 (2.67) 12.00 (4.95) 0.37892
bareground 9.32 (3.02) 1.44 (0.28) 0.90 (0.10) 0.00312
litter 91.78 (2.83) 99.48 (0.30) 99.92 (0.05) 0.00222
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 11. Mean frequency ( 1 S.E.) as influenced by grazing treatment for shrubby
cinquefoil/Parry's danthonia communities and associated p values.
GRAZING TREATMENT
Plant Species______________ Cattle and Wild Ungulates Wild Ungulates______ No Grazing Pvaiue
Grasses and Grasslike
Agropyron subsecundum 0.40 (0.24)1 0.40 (0.40) 3.80 (1.12) 0.0066
Bromus mermis 0.00 (0.00) 0.00 (0.00) 0.28 (0.28) 0.39662
Bromus vulgaris 0.00 (0.00) 0.00 (0.00) 1.56 (0.76) 0.04112
Carex concinnoides 3.16 (1.01) 1.68 (0.29) 1.00 (0.32) 0.2222
Carex filifolia 3.76 (1.18) 8.88 (1.26) 6.92 (T08) 0.0288
Carex rossii 3 88 (0.69) 6.20 (2.49) 6.72 (1-59) 0.4951
Carex scirpoidea 1.72 (0.38) 1.40 (0.53) 1.24 (0.77) 0.8421
Danthonia parryi 70.68 (17.88) 92.92 (1.65) 77.80 (7.20) 0.3400
Festuca idahoensis 16.08 (3.18) 20.64 (3.05) 20.80 (2.85) 0.4791
Festuca scabrella 2.64 (0.40) 24.24 (4.43) 21.68 (5.27) 0.0001
Juncus ensifolius 0.64 (0.26) 0.00 (0.00) 0.00 (0.00) 0.01662
Koeleria chstata 2.60 (0.37) 0.20 (0.20) 1.64 (0.63) 0.0050
Muhlenbergia filifomiis 0.40 (0.40) 1.52 (0.57) 0.20 (0.20) 0.0935
Pascopyrum smithii 1.16 (0.37) 5.40 (1.68) 12.00 (2.37) 0.0024
Phleum pratense 0.00 (0.00) 0.20 (0.20) 0.00 (0.00) 0.39662
Pseudoroegnaria spicata 
Forbs
0.20 (0.20) 0.00 (0.00) 0.20 (0.20) 0.61862
Achillea millefolium 0.20 (0.20) 1.24 (0.43) 3.48 (0.57) 0.0004
Agoseris glauca 2.84 (0.66) 2.28 (1.18) 0.92 (0.38) 0.2642
Allium cemuum 0.88 (0.23) 0.40 (0.24) 0.40 (0.24) 0.3030
Androsace filiformis 1.32 (0.14) 0.20 (0.20) 0.80 (0.20) 0.0033
Anemone multirida 4.32 (1.08) 4.32 (0.68) 2.52 (0.73) 0.2632
Antennaria rosea 3.48 (1.07) 0.40 (0.24) 0.00 (0.00) 0.0042 2
Arabis nuttallii 0.60 (0.24) 1.12 (0.12) 1.08 (0.08) 0.08172
Arenana congesta 3.36 (0.61) 3.80 (0.58) 1.24 (0.43) 0.0134
Artemisia campesuis 2.76 (0.62) 0.00 (0.00) 0.00 (0.00) 0.01342
Aster falcatus 1.24 (0.51) 0.84 (0.38) 2.04 (0.72) 0.3347
Aster laevis 0.00 (0.00) 0.20 (0.20) 0.00 (0.00) 0.39662
Bupleurum amehcanum 1.04 (0.04) 1.68 (0.29) 1.04 (0.58) 0.4096
Campanula rotundifolia 0.80 (0.20) 3.20 (0.44) 1.28 (0.28) 0.0005
Cerastium arvense 5.24 (0.87) 2.52 (0.33) 3.44 (0.84) 0.0578
Chrysopsis villosa 3.48 (1.14) 1.48 (0.43) 0.20 (0.20) 0.0047
Comandra umbellata 0.60 (0.24) 0.00 (0.00) 2.00 (0.57) 0.00582
Convolvulus arvensis 0.00 (0.00) 0.00 (0.00) 0.40 (0.24) 0.11012
Douglasia montana 0.40 (0.24) 0.00 (0.00) 0.20 (0.20) 0.33492
Ehgeron caespitosus 6.64 (1.93) 0.52 (0.33) 1.28 (0.56) 0.0017
Gaillardia aristata 2.68 (0.52) 0.80 (0.20) 0.60 (0.24) 0.0023
Galium boreale 4.48 (1.10) 18.56 (3.14) 18.72 (2.17) 0.0011
Geranium viscosissimum 0.00 (0.00) 0.00 (0.00) 0.20 (0.20) 0.39662
Geum triflorum 0.20 (0.20) 1.36 (0.74) 2.92 (0.92) 0.0288
Hedysarum sulfurescens 2.92 (0.72) 2.56 (0.79) 1.92 (0.73) 0.6415
Heuchera grossulariifolia 0.00 (0.00) 0.40 (0.24) 0.00 (0.00) 0.11012
Hymenoxys a caul is 0.40 (0.24) 0.40 (0.24) 0.00 (0.00) 0.30002
Liatris punctata 8.48 (1.85) 0.00 (0.00) 0.76 (0.34) 0.00022
Lithospenvum ruderale 0.20 (0.20) 0.44 (0.27) 3.12 (1.30) 0.03772
Lupin us sehceus 1.60 (0.61) 3.32 (0.84) 7.44 (1-79) 0.0119
Lynchis drummondii 0.72 (0.31) 0.00 (0.00) 0.00 (0.00) 0.02282
Monarda fistulosa 0.00 (0.00) 1.00 (0.77) 3.56 (1.98) 0.14902
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Orthocarpos luteus 19.72 (8.77)
Oxytropis campestns 4,44 (0.82)
Oxytropis splendens 2.16 (0.87)
Oxytropis viscida 0.60 (0.24)
Pensiemon confertus 0.00 (0.00)
Petalostemon purpureum 3.44 (0.71)
Phlox albomarginata 0.20 (0.20)
Phlox hoodii 49.12 (4.73)
Plantago ianceolata 9.52 (2.80)
Potentilla hippiana 0.88 (0.44)
Potentilla pensylvanica 0.00 (0.00)
Senecio canus 0.72 (0.31)
Solidago missounensis 0.84 (0.21)
Taraxacum officinale 1.28 (0.28)
Tragopogon dubius 0.20 (0.20)
Vicia amencana 1.32 (0.10)
Viola canadensis 0.00 (0.00)
Zigadenus elegans 0.00 (0.00)
Zigadenus venenosus 0.00 (0.00)
Shrubs
Artemisia frigida 2.72 (0.45)
Juniperus hohzontalis 2.16 (1.38)
Potentilla fruticosa 4.16 (1.12)
Prunus virginiana 0.00 (0.00)
Rosa woodsii 0.20 (0.20)
Other
Selaginella densa 88.52 (3.74)
bareground 0.88 (0.23)
litter 95.96 (1.38)
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved,
0.20 (0.20) 0.00 (0.00) 0.02642
1.24 (0.37) 0.40 (0.24) 0.0003
0.00 (0.00) 0.00 (0.00) 0.01442
0.00 (0.00) 0.00 (0.00) 0.01562
0.00 (0.00) 0.20 (0.20) 0.39662
0.80 (0.20) 0.20 (0.20) 0.0002
0.00 (0.00) 1.04 (0.35) 0.0186
1.56 (0.96) 5.44 (2.41) 0.0000
1.52 (0.78) 1.96 (1.30) 0.0192
0.00 (0.00) 0.20 (0.20) 0.10592
0.00 (0.00) 0.20 (0.20) 0.39662
0.20 (0.20) 0.00 (0.00) 0.08812
2.52 (0.55) 2.20 (0.80) 0.1356
1.08 (0.08) 1.04 (0.04) 0.57802
0.00 (0.00) 0.00 (0.00) 0.39662
2.48 (0.61) 5.08 (1.10) 0.00962
0.64 (0.26) 0.00 (0.00) 0.01662
0.40 (0.24) 0.20 (0.20) 0.33492
0.20 (0.20) 0.00 (0.00) 0.39662
0.96 (0.74) 5.00 (1.29) 0.0249
6.52 (2.50) 1.60 (0.93) 0.1960
19.44 (2.60) 14.28 (3.13) 0.0026
0.56 (0.37) 0.00 (0.00) 0.13792
0.00 (0.00) 0.28 (0.28) 0.60342
0.00 (0.00) 0.00 (0.00) 0.00002
1.00 (0.00) 1.08 (0.08) 0.61862
99.80 (0.20) 99.00 (0.59) 0.1679
thus the species could not be tested
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Appendix Table D 12. Mean frequency ( 1 S.E.) as influenced by grazing treatment for moist hay
meadow communities and associated p values.
GRAZING TREATMENT
Plant Species Cattle and Wild Ungulates Wild Unaulates No Grazina Pvaiue
Grasses and Grasslike 
Agmstis alba 30.28 (4.77)1 0.60 (0.27) 3.46 (1.83) 0.0000
Agropyron subsecundum 0.00 (0.00) 0.34 (0.18) 3.16 (1.22) 0.02832
Bromus mermis 3.12 (2.44) 11.88 (4.11) 6.56 (2.23) 0.23782
Bromus vulgaris 0.00 (0.00) 0.00 (0.00) 1.02 (0.44) 0.03252
Carex rossii 0.00 (0.00) 0.10 (0.10) 0.10 (0.10) 0.7852
Carex scirpoidea 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Carex species 93.08 (3.39) 17.70 (6.41) 14.28 (5.75) 0.0000
Dactylis glomerata 0.00 (0.00) 0.20 (0.20) 0.00 (0.00) 0.49172
Danthonia califomica 0.00 (0.00) 0.32 (0.16) 0.00 (0.00) 0.08272
Deschampsia caespitosa 1.68 (0.58) 0.00 (0.00) 0.20 (0.13) 0.00022
Eleochans palustris 1.36 (0.89) 0.10 (0.10) 0.00 (0.00) 0.Q2212
Festuca pratensis 85.20 (1.88) 22.34 (8.34) 11.48 (3.94) 0.00002
Juncus balticus 31.40 (7.12) 17.30 (3.92) 28.36 (7.46) 0.3660
Pascopyrum smithii 0.00 (0.00) 49.80 (16.60) 37.90 (15.57) 0.16452
Phleum pratense 89.48 (2.80) 57.96 (6.22) 47.98 (4.45) 0.0003
Poa pratensis 1.80 (0.64) 2.64 (0.86) 3.04 (1.48) 0.8139
Pseudoroegnaria spicata 0.00 (0.00) 0.20 (0.13) 0.00 (0.001 0.21492
Stipa Occidentalis 0.00 (0.00) 0.00 (0.00) 7.46 (3.19) 0.03282
Forbs
Achillea millefolium 4.08 (1.01) 6.90 (1.62) 9.44 (3.11) 0.39632
Agoseris glauca 0.20 (0.20) 0.94 (0.48) 3.74 (0.92) 0.0023
Allium cemuum 0.20 (0.20) 0.76 (0.35) 0.00 (0.00) 0.08452
Allium schoenoprasum 0.40 (0.24) 0.10 (0.10) 1.14 (0.64) 0.22452
Anemone multifida 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Antennaha anaphyloides 0.00 (0.00) 0.00 (0.00) 0.20 (0.13) 0.2149;
Arabis nuttalii 0.00 (0.00) 0.20 (0.13) 0.00 (0.00) 0.21492
Arnica soroha 0.20 (0.13) 0.00 (0.00) 0.42 (0.32 0.40412
Artemisia ludoviciana 0.00 (0.00) 5.92 (2.90) 0.10 (0.10) 0.07152
Aster falcatus 0.00 (0.00) 2.76 (1.21) 1.00 (0.58) 0.15632
Aster laevis 7.00 (1.42) 16.88 (5.84) 7.38 (2.42) 0.20892
Aster occidentalis 0.00 (0.00) 0.00 (0.00) 2.58 (1.92) 0.28592
Campanula rotundifolia 0.00 (0.00) 0.42 (0.42) 0.10 (0.10) 0.6057
Cerastium arvense 1.08 (0.62) 1.52 (0.55) 2.20 (1.10) 0.7020
Cirsium arvense 0.00 (0.00) 1.76 (0.78) 4.34 (1.51) 0.07112
Dodecatheon conjugens 4.92 (0.94) 0.72 (0.37) 0.94 (0.33) 0.0001
Equisetum arvense 0.00 (0.00) 0.86 (0.33) 0.32 (0.23) 0.14172
Ehgeron speciosus 0.00 (0.00) 0.86 (0.58) 3.34 (1.62) 0.16112
Fragaha vesca 5.20 (1.62) 0.98 (0.28) 1.04 (0.47) 0.0032
Gaillardia ahstata 0.00 (0.00) 0.44 (0.24) 0.00 (0.00) 0.11492
Galium boreale 7.68 (1.32) 25.80 (2.54) 32.08 (4.41) 0.0000
Geranium viscosissimum 0.00 (0.00) 3.08 (1.77) 5.60 (1.97) 0.17842
Geum tnflorum 0.00 (0.00) 0.18 (0.18) 0.00 (0.00) 0.49172
Iris missouhensis 4.68 (157) 2.92 (0.95) 5.52 (1.90) 0.4459
Lathyrus ochroleucus 0.00 (0.00) 0.30 (0.21) 1.50 (0.81) 0.18662
Linum perenne 0.00 (0.00) 0.42 (0.17) 0.00 (0.00) 0.02562
Medicago lupulina 0.40 (0.24) 1.40 (1.16) 0.00 (0.00) 0.41462
Mentha arvensis 0.00 (0.00) 0.00 (0.00) 0.20 (0.13) 0.21492
Monarda Fistulosa 0.00 (0.00) 0.10 (0.10) 0.32 (0.16) 0.27062
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Oxytropis campestns 0.00 (0.00) 0.16 (0.16) 0.00 (0.00) 0 49172
Penstemon confertus 0.00 (0.00) 1.58 (0.81) 9.42 (3.33) 0.02392
Plantago lanceolata 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Polygonum bistortoides 0.20 (0.20) 0.20 (0.20) 0.00 (0.00) 0.55752
Potentilla gracilis 3.60 (0.64) 2.80 (0.90) 10.28 (1.34) 0.0001
Prunus vulgans 0.20 (0.20) 0.00 (0.00) 0.00 (0.00) 0.13462
Senecio pauperculus 1 40 (0.69) 0.20 (0.13) 3.32 (1.78) 0.18552
Sisyrinchium angustifoiium 0.00 (0.00) 0.42 (0.22) 0.00 (0.00) 0.09502
Smilacina steliata 0.88 (0.23) 0.80 (0.19) 6.38 (2.60) 0.05442
Solidago missounensis 0.00 (0.00) 0.30 (0.15) 0.00 (0.00) 0.08072
Solidago occidentalis 0.00 (0.00) 0.00 (0.00) 0.18 (0.18) 0.49172
Stachys paiustris 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Taraxacum officinale 30.44 (4.27) 7.44 (2.59) 5.60 (1.38) 0.00002
Thalictrum occidentale 0.00 (0.00) 0.10 (0.10) 2.18 (1.31) 0.17352
Tragopogon dubius 0.00 (0.00) 0.30 (0.21) 0.00 (0.00) 0.25642
Trifolium longipes 25.00 (6.06) 7.20 (2.31) 9.36 (3.18) 0.0089
Tnglochin maritimum 0.20 (0.20) 0.00 (0.00) 0.00 (0.00) 0.13462
Vicia americana 7.96 (0.51) 7.84 (0.85) 4.10 (0.43) 0.0005
Viola canadensis 0.40 (0.24) 0.10 (0.10) 0.84 (0.32) 0.0958
Viola nuttallii 0.20 (0.20) 0.10 (0.10) 0.00 (0.00) 0.41872
Zigadenus elegans 1.64 (0.40) 2.10 (0.94) 0.24 (0.16) 0.0060
Zizia aptera 3.36 (1.00) 2.08 (0.75) 0.78 (0.45) 0.0401
Shrubs
Potentilla fruticosa 0.00 (0.00) 1.46 (0.95) 0.00 (0.00) 0.20252
Rosa woodsii 0.00 (0.00) 5.28 (2.13) 0.80 (0.44) 0.04582
Salix bebbiana 0.00 (0.00) 0.12 (0.12) 0.00 (0.00) 0.49172
Symphoricarpos albus 0.00 (0.00) 1.60 (1.38) 0.00 (0.00) 0.39112
Trees
Populus tremuloides 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Other
bareground 1.04 (0.04) 1.02 (0.15) 1.00 (0.00) 0.9707
litter 70.40 (8.43) 99.30 (0.27) 100.00 (0.00) 0.00002
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 13. Mean frequency ( 1 S.E.) as influenced by grazing treatment for dry hay
meadow communities and associated p values.
GRAZING TREATMENT
Plant Species_____________ Cattle and Wild Ungulates Wild Ungulates_____ Pvalue
Grasses and Grasslike
Bromus inermis 95.48 (3.41)1 100.00 (0.00) 0.22162
Bromus tectorum 1.32 (1.09) 0.00 (0.00) 0.25942
Carex species 2.80 (2.80) 0.00 (0.00) 0.34662
Dactylis glomerata 0.48 (0.30) 0.00 (0.00) 0.14912
Festuca pratensis 0.20 (0.20) 0.00 (0.00) 0.34662
Pascopyrum smithii 33.00 (20.28) 0.00 (0.00) 0.14242
Phleum pratense 0.76 (0.55) 0.00 (0.00) 0.20112
Poa pratensis 10.20 (4.61) 0.00 (0.00) 0.05802
Stipa viridula 4.60 (3.89) 0.00 (0.00) 0.27142
Forbs
Achillea millefolium 2.20 (0.54) 0.00 (0.00) 0.00362
Alyssum alyssoides 6.68 (2.58) 0.00 (0.00) 0.03202
Androsace filiformis 0.40 (0.24) 0.00 (0.00) 0.14112
Carduus nutans 1.84 (0.84) 0.20 (0.20) 0.0186
Cirsium arvense 3.12 (0.79) 0.60 (0.24) 0.0081
Cynoglossum officinale 8.80 (2.30) 5.68 (1.44) 0.2826
Draba vema 0.88 (0.66) 0.00 (0.00) 0.21862
Galium aparine 0.20 (0.20) 0.00 (0.00) 0.34662
Hacklia micrantha 0.44 (0.27) 0.00 (0.00) 0.14352
Medicago lupulina 7.12 (5.13) 0.72 (0.31) 0.0769
Monarda fistulosa 0.20 . (0.20) 0.00 (0.00) 0.34662
Silene cucubalus 0.20 (0.20) 0.00 (0.00) 0.34662
Taraxacum officinale 8.24 (1.78) 5.04 (0.43) 0.11882
Thlapsii arvensis 0.40 (0.24) 0.00 (0.00) 0.14112
Trifolium longipes 0.00 (0.00) 0.20 (0.20) 0.34662
Vicia amehcana 0.28 (0.28) 0.20 (0.20) 0.8220
Shrubs
Symphoricarpos albus 0.28 (0.28) 0.00 (0.00) 0.34662
Other
bareground 2.72 (1-15) 0.80 (0.20) 0.06542
litter 92.40 (5.05) 98.92 (1.08) 0.24262
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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Appendix Table D 14. Mean frequency ( 1 S.E. ) as influenced by grazing treatment for shrub
communities and associated p values.
GRAZING TREATMENT
Plant Species______________ Cattle and Wild Ungulates Wild Ungulates______ No Grazing Rvalue
Grasses and Grassiike
Agropyron subsecundum 0.00 (0.00)1 0.20 (0.13) 0.10 (0.10) 0.54922
Bromus inermis 0.20 (0.20) 0.00 (0.00) 0.42 (0.28) 0.31792
Bromus vulgaris 1.08 (0.05) 1.14 (0.22) 0.70 (0.15) 0.1893
Carex species 0.00 (0.00) 1.08 (0.45) 0.50 (0.17) 0.13302
Danthonia parryi 0.00 (0.00) 0.30 (0.15) 0.00 (0.00) 0.08072
Festuca idahoensis 0.00 (0.00) 0.30 (0.15) 0.64 (0.28) 0.20022
Festuca scabrella 0.00 (0.00) 0.96 (0.53) 0.00 (0.00) 0.11622
Pascopyrum smithii 0.40 (0.24) 11.50 (4.32) 3.70 (2.31) 0.09632
Phleum pratense 13.76 (3.10) 5.98 (0.83) 1.14 (0.06) 0.0000
Poa palustris 0.00 (0.00) 0.10 (0.10) 0.10 (0.10) 0.7852
Poa pratensis 0.20 (0.20) 0.20 (0.13) 0.10 (0.10) 0.8202
Pseudoroegnaria spicata 
Forbs
0.00 (0.00) 0.20 (0.13) 0.46 (0.20) 0.20812
Achillea millefolium 0.40 (0.24) 2.24 (0.41) 0.92 (0.23) 0.0025
Anemone multifida 0.00 (0.00) 0.10 (0.10) 0.10 (0.10) 0.7852
Antennaha rosea 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Arctium minus 3.52 (1.13) 0.00 (0.00) 0.00 (0.00) 0.00002
Artemisia ludoviciana 0.00 (0.00) 1.34 (0.36) 0.80 (0.26) 0.04212
Aster conspicuus 0.80 (0.20) 0.00 (0.00) 1.60 (0.60) 0.02672
Aster laevis 0.00 (0.00) 0.20 (0.13) 0.10 (0.10) 0.54922
Aster occidentalis 0.00 (0.00) 0.42 (0.32) 0.00 (0.00) 0.31202
Balsamorhiza sagittata 0.00 (0.00) 1.38 (0.96) 6.26 (2.52) 0.07122
Campanula rotundifolia 0.00 (0.00) 0.20 (0.13) 0.00 (0.00) 0.21492
Cerastium arvense 0.00 (0.00) 0.20 (0.13) 0.20 (0.13) 0.58472
Chrysopsis villosa 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Cirsium undulatum 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Convolvulus arvensis 4.44 (1.19) 0.82 (0.43) 0.66 (0.27) 0.0004
Cynoglossum officinale 10.28 (0.80) 2.42 (0.79) 1.18 (0.49) 0.0000
Epilobium angustifolium 0.00 (0.00) 0.24 (0.16) 0.00 (0.00) 0.22562
Erigeron caespitosus 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Erigeron speciosus 0.00 (0.00) 0.62 (0.21) 0.94 (0.56) 0.37832
Fragaria vesca 1.56 (0.34) 0.96 (0.30) 0.72 (0.21) 0.1920
Galium apahne 0.00 (0.00) 0.40 (0.40) 0.00 (0.00) 0.49172
Galium boreale 1.00 (0.00) 1.74 (0.28) 3.18 (1.16) 0.22272
Geranium viscosissimum 3.04 (0.75) 6.84 (0.94) 2.62 (0.78) 0.0031
Geum hvale 1.52 (0.38) 0.00 (0.00) 0.10 (0.10) 0.00002
Hacklia micrantha 1.96 (0.38) 0.10 (0.10) 0.10 (0.10) 0.0000
Lithospermum ruderale 0.00 (0.00) 0.12 (0.12) 0.10 (0.10) 0.7791
Lomatium cous 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Lomatium dissectum 0.00 (0.00) 0.58 (0.25) 0.62 (0.39) 0.44782
Lupinus sehceus 0.00 (0.00) 0.10 (0.10) 0.00 (0.00) 0.49172
Monarda fistulosa 0.48 (0.30) 6.28 (1.02) 4.46 (1.33) 0.01822
Penstemon confertus 0.60 (0.24) 0.26 (0.26) 1.36 (0.50) 0.1057
Potentilla gracilis 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Smilacina racemosa 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Smilacina stellata 0.40 (0.24) 0.48 (0.20) 0.30 (0.15) 0.7769
Taraxacum officinale 0.60 (0.24) 0.56 (0.20) 0.00 (0.00) 0.01992
Tragopogon dubius 0.00 (0.00) 0.20 (0.13) 0.00 (0.00) 0.21492
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Urtica dioica 8.16 (0.81) 1.52 (0.82) 6.44 (2.50) 0.05552
Vicia americana 1.20 (0.42) 0.90 (0.17) 1 30 (0.25) 0.4670
Viola canadensis 0.00 (0.00) 0.10 (0.10) 0.22 (0.15) 0.5210:
Zigadenus elegans 0.00 (0.00) 0.00 (0.00) 0.10 (0.10) 0.49172
Shrubs
Amelanchier alnifolia 0.00 (0.00) 0.54 (0.54) 8.90 (3.39) 0.02212
Potentilla fmticosa 0.00 (0.00) 1.08 (0.58) 0.10 (0.10) 0.13862
Prunus virgimana 6.08 (0.67) 16.70 (2.77) 14.20 (2.08) 0.0365
Rosa woodsii 49.44 (6.27) 22.76 (2.30) 22.70 (4.48) 0.0060
Symphoricarpos alb us 13.96 (1.52) 21.46 (3.34) 9.06 (0.80) 0.0125
Other
bareground 1.00 (0.00) 0.90 (0.10) 1.26 (0.26) 0.3632
litter 97.28 (0.78) 100.00 (0.00) 97.82 (2.18) 0.43702
1 = Standard error of the mean
2 = Homogeneity of variance could not be achieved, thus the species could not be tested
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APPENDIX E; LINE GRAPHS OF MEAN RELATIVE FREQUENCY BY GRAZING TREATMENT 
AND YEAR
g 8 0 % |
570%!
Grazed D y
—  C A T T L E  A N D  W IL D L I F E  
- o -  W IL D L I F E  
  N O  G R A Z IN G
U j6 0 % f—  
>  »  -  
1 - 5 0 % )
<  i
U j4 0 % j
a. |
Z 3 0 %<
10%
YEAR
Appendix Figure E 1. Line graph of mean relative frequency (percent) by grazing treatment and 
year for increasers in the bluebunch wheatgrass communities.
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Appendix Figure E 2. Line graph of mean relative frequency (percent) by grazing treatment and 
year for decreasers in the bluebunch wheatgrass communities.
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Appendix Figure E 3. Line graph of mean relative frequency (percent) by grazing treatment and
year for invaders in the bluebunch wheatgrass communities.
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Appendix Figure E 4. Line graph of mean relative frequency (percent) by grazing treatment and 
year for invaders in the shrubby cinquefoil/Parry's danthonia communities.
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Appendix Figure E 5. Line graph of mean relative frequency (percent) by grazing treatment and 
year for increasers in the moist hay meadow communities.
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Appendix Figure E 6. Line graph of mean relative frequency (percent) by grazing treatment and
year for invaders in the moist hay meadow communities.
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Appendix Figure E 7. Line graph of mean relative frequency (percent) by grazing treatment and 
year for decreasers in the shrub communities.
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APPENDIX F: THEODORE ROOSEVELT MEMORIAL RANCH PLANT LIST
ABBREV. SCIENTIFIC NAME COMMON NAME
ACEGLA Acer glabrum Rocky mountain maple
ACHMIL Achillea millefolium Yarrow
ACTRUB Actaea rubra Baneberry
AGOGLA Agoseris glauca False dandelion
AGRCAN Agropyron can in urn Awned wheatgrass
AGRDAS Agropyron dasytachyum Thick-spiked wheatgrass
AGRINT Agropyron intermedium Intermediate wheatgrass
AGRREP Agropyron repens Quackgrass
AGRSUB Agropyron subsecundum Bearded wheatgrass
AGRTRA Agropyron trachycaulum Braid-glumed wheatgrass
AGRTRC Agropyron trichophorum Pubescent wheatgrass
AGRALB Agrostis alba Red top
AGRSCA Agrostis sea bra Rough bentgrass-ticklegrass
ALLCER Allium cernuum Nodding onion
ALLSCH Allium schoenoprasum Chives
ALOAEQ Alopecurus aequalis Short-awn foxtail '
ALOALP Alopecurus alpinus Alpine foxtail
ALOGEN Alopecurus geniculatus Water foxtail
ALYALY Alyssum alyssoides Pale alyssum
AMEALN Amelanchier alnifolia Serviceberry
ANAMAR Anaphalis margaritacea Pearly everlasting
ANDFIL And rosace filiformis Slender-stemed fairy-candelabra
ANDSEP And rosace septentrionalis Northern fairy candelabra
ANDOCC Androsace occidentalis Western fairy candelabra
ANEMUL Anemone multifida Cliff anemone
ANENUT Anemone nuttalliana Pasque flower
ANGARG Angelica arguta Sharptoothed angelica
ANTANA Antennaria anaphaloides Tall pussytoes
ANTNEG Antennaria neglecta Field pussytoes -
ANTRAC Antennaria racemosa Raceme pussytoes
ANTROS Antennaria rosea Rose pussytoes
APOAND Apocynum androsaemifolium Dogbane
AQUFLA Aquilegia flavescens Yellow columbine
ARACRU Arabis crucisetosa Crosshair rockcress
ARAGLA Arab is glabra Tower mustard
ARANUT Arabis nuttallii Nuttall’s rockcress -
ARASPA Arabis sparsiflora Hoary rockcress
ARCMIN Arctium minus Common burdock
ARCUVA Arctostaphylos uva-ursi Kinnikinnick
ARECON Arenaria congesta Ballhead sandwort
ARELAT Arenaria latifolia Blunt leaf
ARNLAT Arnica latifolia Broadieaf arnica
ARNSOR Arnica sororia ■ Twin arnica
ARTCAM Artemisia campestris Pacific sagewort
ARTCAN Artemisia can a Silver sage
ARTDRA Artemisia dracunculus Tarragon
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ARTFRI Artemisia frig id a Fringed sage
ARTLUD Artemisia ludoviciana Prairie sagewort
ARTMIC Artemisia michauxiana Michaux mugwort -
ARTTRI Artemisia trident a ta Big sagebrush
ARTTSV Artemisia tridentata Big sagebrush (mountain)
ASTEAT Aster eatonii Eaton's aster _
ASTCON Aster conspicuus Showy aster
ASTFAL Aster falcatus Little gray aster
ASTFOL Aster foliaceus Leafy aster
ASTHES Aster hesperius Siskiyou aster
ASTJUN Aster junciformis Rush aster
ASTLAE Aster laevis Smooth aster
ASTOCC Aster occidentalis Western mountain aster
ASTAGR Astragalus agrestis Field milkvetch -
ASTCAN Astragalus canadensis Canada milkvetch
ASTCRA Astragalus crassicarpus Groundplum milkvetch
ASTDRU Astragalus drummondii Drummond's milkvetch-"
ASTGIL Astragalus gilviflorus Plains orophaca *
ASTMIC Astragalus microcystis Bladdery milkvetch
ASTSTR Astragalus striatus Standing milkvetch
ASTVEX Astragalus vexillifiexus Bentflowered milkvetch
BALINC Balsamorhiza incana Hoary balsamroot ~
BALSAG Balsamorhiza sagittata Arrowleaf balsamroot
BECSYZ Beckmannia syzigachne American sloughgrass
BESWYO Besseya wyomingensis Wyoming kittentail
BETFON Betula fontinalis Water birch
BETULA Betula species Water birch
BROANO Bromus anomalus Nodding brome
BROCAR Bromus carinatus Mountain brome
BROINE Bromus inermis Smooth brome
BROMAR Bromus marginatus Big mountain brome
BROVUL Bromus vulgaris Columbia brome
BUPAME Bupleurum americanum American thorough-wax
CALCAN Calamagrostis canadensis Bluejoint reedgrass -
CALINE Calamagrostis inexpansa Northern reedgrass
CALPUR Calamagrostis purpurascens Purple reedgrass
CALRUB Calamagrostis rubescens Pinegrass
CAMMIC Camelina microcarpa Littlepod falseflax ■»
CAMROT Campanula rotundifolia Creeping bellflower
CARNUT Carduus nutans Musk thistle
CARAQU Carex aquatilis Water sedge
CARCON Carex concinnoides Northwestern sedge
CARFIL Carex filifolia Thread-leaved sedge
CARGEY Carex geyeri Elk sedge
CARHOO Carex hoodii Hood's sedge %
CARLAN Carex lanuginosa Woolly sedge
CARNAR Carex nardina Spikenard sedge -
CAROBT Carex obtusata Blunt sedge
CAROED Carex oederi Green sedge
CARPRA Carex praegracilis Clustered field sedge
CARRAY Carex raynoldsii Raynolds' sedge
CARROI Carex rossii Ross sedge
CARROS Carex rostrata Beaked sedge
CARSCi Carex scirpoidea Canadian Single-spiked sedge
CARSCO Carex scopularum Holm’s Rocky Mountain sedge
CARSPR Carex sprengelii Sprengel's sedge
CAREXX Carex species Sedge species
CARCAR Carum carvii Caraway
CASCUS Castilleja cusickii Cusick's paintbrush
CASMIN Castilleja mmata Scarlet paintbrush
CASNIV Castilleja mvea Snow paintbrush
CEAVEL Ceanothus velutinus Mountain balm
CENMAC Centaurea maculosa Spotted knapweed
CERARV Cerastium arvense Field chickweed
CHEALB Chenopodium album Lambsquarter ^
CHRLEU Chrysanthemum leucanthemum Oxeye-daisy —
CHRVIL Chrysopsis villosa Hairy goldenaster
CICDOU Cicuta douglasii Douglas waterhemlock
CIRARV Cirsium arvense Canada thistle
CIRFLO Cirsium flodmanii Flodman's thistle "
CIRUND Cirsium undulatum Wavy-leaved thistle
CIRVUL Cirsium vulgare Bull thistle
CLECOL Clematis columbiana Columbia clematis
CLEHIR Clematis hirsutissima Vaseflower clematis
CLELIG Clematis ligusticifolia Western virgins-brower
CLEPSE Clematis pseudoalpina Rocky Mountain clematis
COLLIN Collomia linearis Narrow-leaf collomia
COLPAR Collinsia parviflora Small-flowered blue-eyed mary
COMUMB Comandra umbel lata Bastard toad-flax
CONARV Convolvulus arvensis Field morning-glory
CONWIL Conimitella williamsii Conimitella
CORSTO Cornus stolonifera Red osier dogwood
CORSTR Corallorhiza striata Striped coral-root
CRACOL Crataegus columbiana Columbia hawthorn *
CREACU Crepis acuminata Tapertip hawksbeard
CRERUN Crepis runcinata Dandelion hawksbeard
CRETEC Crepis tectorum Annual hawksbeard
CRYINT Cryptantha interrupta Bristly cryptantha
CYNOFF Cynoglossum officinale Common hound's tongue
CYPMON Cypnpedium montanum Mountain lady's- slipper -
DACGLO Dactyl is glome rata Orchardgrass
DANCAL Danthonia californica California danthonia
DAN 1 NT Danthonia intermedia Timber oatgrass
DANPAR Danthonia parryi Parry's oatgrass
DANSPI Danthonia spicata Poverty oatgrass
DANUNI Danthonia unispicata Onespike oatgrass -
DELBIC Delphinium bicolor Larkspur
DESCES Deschampsia cespitosa Tufted hair-grass
DESPIN Descuraiana pinnata Western tansymustard
DISTRA Disporum trachycarpum Wartberry fairy-bell
DISSPI Distichlis spicata Seashore saltgrass
DODCON Dodecatheon conjugens Slimpod shooting star
DODECA Dodecatheon spp. Shooting star
DRAAPI Draba apiculata Pointed draba ^
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DRAVER Draba verna Spring whitlow-grass
DOUMON Douglasia montana Mountain douglasia "
ELACOM Elaeagus commutata Silverberry
ELEPAL Eleocharis palustris Common spike rush -
ELYCAN Elymus canadensis Canada wildrye
ELYCIN Elymus cinereus Giant wildrye
ELYGLA Elymus glaucus Blue wild rye
EPIALP Epilobium alpmum Alpine willow-herb
EPICIL Epilobium ciliatum Autumn willow-herb
EPIGLA Epilobium glaberrimum Smooth willow-herb *
EPILAT Epilobium latifolium Red willow-herb
EPISUF Epilobium suffriticosum Shrubby willow-herb *
EPIWAT Epilobium watson ii Watson's willow-herb -
EQUARV Equisetum arvense Field horsetail
ERICAE Erigeron caespitosus Tufted fleabane
ERICOM Erigeron compositus Cut-leaved daisy -
ERICOU Erigeron coulteri Coulter's fleabane
ERIFIL Erigeron filifolius Threadleaf fleabane
ERIGLA Erigeron glabellus Smooth daisy
ERIOCH Erigeron ochroleucus Buff fleabane
ERIPUM Erigeron pumilis Shaggy fleabane -
ERISPE Erigeron speciosus Showy fleabane
ERISUB Erigeron subtrinervis Three-veined fleabane -■
ERIFLA Eriogonum flavum Yellow buckwheat
ERIHER Eriogonom heracleoides Wyeth buckwheat
ERIHOW Eritrichium howardii Howard's alpine forget-me-not
ERYINC Erysimum inconspicuum Smallflowered wallflower -
ERYREP Erysimum repandum Spreading wallflower -
ERYGRA Erythronium grandiflorum Glacier-lily
EUPESU Euphorbia esula Leafy spurge
FESIDA Festuca idahoensis Idaho fescue
FESPRA Festuca pratensis Meadow fescue
FESRUB Festuca rubra Red fescue
FESSCA Festuca scabrella Rough fescue
FRAVES Fragaria vesca Woods strawberry
FRAVIR Fragaria virginiana Virginia strawberry
FRASPE Frasera speciosa Giant frasera
GAIARI Gaillardia aristata Blanket-flower
GALAPA Galium aparine Goose-grass
GALBOR Galium boreale Northern bedstraw
GAUCOC Gaura coccinea Scarlet gaura
GENAFF Gentian a affinis Pleated gentian
GENAMR Gentian a amarella Northern gentian
GENCAL Gentiana calycosa Explorer's gentian
GENAMA Gentianella amarella Northern gentian ~
GERBIC Geranium bicknellii Bicknell’s geranium
GERRIC Geranium richardsonii White geranium
GERVIS Geranium viscosissimum Sticky geranium
GEUALE Geum aleppicum Yellow avens
GEURIV Geum rivale Water avens
GEUTRI Geum triflorum Prairie smoke
GLYELA Giyceria elata Tall mannagrass ^
GLYGRA Glyceria grandis American mannagrass
GLYSTR Glyceria striata Fowl mannagrass
GOOOBL Goodyera obiongifolia Western rattlesnake-plantian
GRISQU Grindelia squarrosa Curlycup gumweed
GUTSAR Gutierrezia sarothrae Broom snakeweed
HABBRA Habenaria bracteata Frog orchid
HABHYP Habenaria hyperborea Northern green bog-orchid *
HABSAC Habenaria saccata Slender bog-orchid '
HABUNA Habenaria unaiascensis Alaska rein-orchid
HACMIC Hackelia micrantha Blue stickseed
HAPLAN Haplopappus lanceolatus Lance-leaf goldenweed
HAPUNI Haplopappus uniflorus One-flowered goldenweed -
HEDBOR Hedysarum boreale Northern hedysarum
HEDSUL Hedysarum sulphurescens Yellow hedysarum
HELUNI Helianthella uniflora Rocky Mountian helianthella
HELMAX Helianthus maximiliani Maximilan's sunflower
HELNUT Helianthus nuttallii Nuttall's sunflower
HELRIG Helianthus rigidus Showy sunflower *
HELHOO Helictotrichon hookeri Spike oat -*
HERLAN Heracieum ianatum Cow-parsnip *
HESMAT Hesperis matronal is Dame's rocket
HEUCYL Heuchera cylindrica Roundleaf alumroot
HEUGRO Heuchera grossulariifolia Gooseberry-leaved alumroot
HIEALE Hieracium albertinum Western hawkweed
HIEALB Hieracium albiflorum White-flowered hawkweed
HIEUMB Hieracium umbellatum Narrow-leaved hawkweed
HORBRA Hordeum brachyantherum Meadow barley
HORJUB Hordeum jubatum Foxtail barley «
HYMACA Hymenoxys a caul is Stemless hymenoxys
HYMRIC Hymenoxys nchardsonii Richardson's hymenoxys
IRIMIS Iris missouriensis Rocky mountain iris
JUNBAL Juncus balticus Baltic rush
JUNBUF Juncus bufonius Toad rush
JUNEFF Juncus effusus Soft rush
JUNENS Juncus ensifolius Dagger-leaf rush >
JUNLON Juncus longistylis Long-styled rush «*
JUNNOD Juncus nodosus Tuberous rush
JUNTEN Juncus tenuis Slender rush
JUNTRA Juncus tracyi Tracy's rush
JUNCOM Juniperus communis Common juniper
JUNHOR Juniperus horizontalis Creeping juniper
JUNSCO Juniperus scopulorum Rocky mountain juniper
KOECRI Koeleria crista ta Prairie junegrass
LAPECH Lappula echinata Bristly stickseed
LATOCH Lathyrus ochroleucus Cream-flowered peavine
LESOCC Lesquerella occidentalis Western bladderpod -
LIAPUN Liatris punctata Dotted blazing-star
LIGTEN Ligusticum tenufolium Slender-leaved licorice-root *
LILPHI Lilium philadelphicum Red lily
LINPER Linum perenne Wild blue flax -
LITRUD Lithospermum ruderale Western gromwell
LOMCOU Lomatium cous Cous biscuit-root
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LOMDIS Lomatium dissectum Fern-leaved lomatium
LOMMAC Lomatium macrocarpum Large-fruit lomatium
LOMATI Lomatium spp. Biscuit root
LOMTRI Lomatium triternatum Nine-leaf lomatium
LUPARG Lupmus argenteus Silvery lupine *~
LUPSER Lupmus sericeus Silky lupine
LUPWYE Lupinus wyethii Wyeth's lupine ~
LUPINU Lupinus spp. Lupine
LUZPAR Luzuia parviflora Small-flowered woodrush *-
LYNDRU Lynchnis drummondii Drummond campion
LYSCIL Lysimachia ciliata Fringed loosestrife —
MAHREP Mahonia repens Creeping oregongrape **
MEDLUP Medicago lupulina Black medic
MEDSAT Medic ago sativa Alfalfa
MELLIN Melampyrum lineare Narrow-leaved cow-wheat
MELSPE Melica spectabilis Showy oniongrass
MELOFF Melilotus officinalis Yellow sweet-clover
MELILO Melilotus spp. Sweetclover
MENARV Mentha arvensis Field mint
MENTHA Mentha spp. Mint
MERVIR Mertensia viridis Green bluebells
MIMGUT Mimulus guttatus Common monkey flower ^
MONFIS Monarda fistulosa Horsemint
MUHCUS Muhlenbergia cuspid a ta Plains muhly
MUHFIL Muhlenbergia filiformis Slender muhly -
MUHRIC Muhlenbergia richardsonis Mat muhly
MUHLEN Muhlenbergia spp. Muhly
OENCAE Oenothera caespitosa Rock-rose —
OENOTH Oenothera spp. Evening-primrose
OROCOR Orobanche corymbosa Flat-topped broomrape
OROFAS Orobanche fasiculata Clustered broomrape “
ORTLUT Orthocarpus luteus Yellow owl-clover
OSMCHI Osmorhiza chilensis Mountain sweet-cicely
OSMOCC Osmorhiza occidentalis Western sweet-cicely
OSMORH Osmorhiza spp. Sweet-cicely
OXYCAM Oxytropis campestris Slender crazyweed
OXYDEF Oxytropis deflexa Pendent-pod crazyweed -
OXYLAG Oxytropis lag op us Rabbit-foot crazyweed'
OXYSER Oxytropis sericea Silky crazyweed *
OXYSPL Oxytropis splendens Showy crazyweed *'
OXYVIS Oxyrtopis v/sicida Sticky crazyweed
PASSMI Pascopyrum smithii Western wheatgrass.
PARPAL Parnassia paiustris Northern grass-of-pamasssus
PEDBRA Pedicularis bracteosa Bracted lousewort
PEDCON Pedicularis contorta Coiled-beak lousewort
PEDGRO Pedicularis groenlandica Elephant's head
PENCON Penstemon confertus Yellow penstemon -
PENERI Penstemon eriantherus Fuzzytongue penstemon *
PENGLO Penstemon globosus Globe penstemon
PENNIT Penstemon nitidus Shining penstemon 4
PENTRI Penstemon triphyilus Whorled penstemon
PERGAI Perideridia gairdneri Gairdner's yampa
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PETCAN Petalostemon candidum White prairie-ctover
PETPUR Petalostemon purpureum Purple prairie clover
PHAHAS Phacelia hastata Silverleaf phacelia ..
PHASER Phacelia sericea Silky phacelia *
PHAARU Phalaris arundinacea Reed canarygrass
PHLPRA Phleum pratense Common timothy
PHLALY Phlox alyssifolia Alyssum-leaved phlox
PHLALB Phlox albomarginata White-margined phlox-
PHLHOO Phlox hoodii Hood's phlox
PHLOXX Phlox spp. Phlox
PHYDID Physaria didymocarpa Common twinpod
PICENG Picea engelmannii Engelman spruce
PINCON Pinus contorta Lodgepole pine
PINFLE Pinus flexilis Limber pine
PLACAN Plantago canescens Hoary plantain -
PLAELO Plantago elongata Slender plantain
PLAERI Plantago eriopoda Saline plantain
P LA LAN Plantago lanceolata Buckhorn plantain
PLAMAJ Plantago major English plantain -
PLANTA Plantago spp. Plantain
PLATWE Plantago tweedyi Tweedy’s plantain
POACOM Poa compressa Canada bluegrass
POANER Poa nervosa Wheeler's bluegrass
POAPAL Poa palustris Fowl bluegrass -
POAPRA Poa pratensis Kentucky bluegrass
POATRI Poa trivial is Roughstalk bluegrass
POLOCC Polemonium occidentale Western polemonium "
POLPUL Polemonium pulcherrimum Skunk-leaved polemonium '
POLBIS Polygonum bistortoides American bistort
POPANG Populus angustifolia Narrowleaf cottonwood
POPDEL Populus deltoides Eastern cottonwood
POPTRE Populus tremuloides Quaking aspen
POPTRI Populus trichocarpa Black cottonwood ~
POTNAT Potamogeton natans Floating-leaved pondweed
POTAMO Potamageton spp. Pondweed
POTANS Potentilla anserina Common silverweed
POTARG Potentilla arguta Tall cinquefoil
POTFRU Potentilla fruticosa Shrubby cinquefoil
POTGLA Potentilla glandulosa Sticky cinquefoil -
POTGRA Potentilla gracilis Soft cinquefoil *
POTHIP Potentilla hippiana Woolly cinquefoil _
POTPEN Potentilla pensylvanica Prairie cinquefoil
PRUVUL Prunella vulgaris Self-heal
PRUVIR Prunus virgimana Common chokecherry
PSESPI Pseudoroegnaria spicata Bluebunch wheatgrass
PSEMEN Pseudotsuga menziesii Douglas-fir
PTEAND Pterospora andromedea Woodland pinedrops
PYRASA Pyrola asarifolia Pink wintergreen
PYRSEC Pyrola secunda One-sided wintergreen
RANMIC Ranunculus macounii Macoun's buttercup
RANUNC Ranunculus spp. Buttercup
RATCOL Ratibiba columnifera Prairie coneflower
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RHUSXX Rhus spp. Sumac
RIBCER Ribes cereum Squaw currant
RIBESX Ribes spp. Current, gooseberry
ROSACI Rosa acicularis Prickly rose
ROSWOO Rosa woodsii Woods rose
RUBIDA Rubus idaeus Red raspberry
RUBPAR Rubus parviflorus Thimbleberry -
RUDLAC Rudbeckia laciniata Tall coneflower -
RUMSAL Rumex salicifolius Willow dock
RUMEXX Rumex spp. Dock
SALBEB Salix bebbiana Bebb willow
SALBOO Salix boothii Booth willow
SALCAN Salix Candida Hoary willow
SALEXI Salix exigua Sandbar willow
SALLUT Salix lutea Watson willow -
SALSCO Salix scouleriana Scouler's willow ^
SANMAR Sanicula marilandica Black snake-root
SAXINT Saxifrage integrifolia Swamp saxifrage "
SCIAME Scirpus americanus American bulrush *-
SCIMIC Scirpus microcarpus Small-flowered bullrush "
SEDSTE Sedum stenopetalum Wormleaf stonecrop
SELDEN Selaginella densa Compact selaginella *
SENCAN Senecio can us Woolly groundsel
SENCRO Senecio crassulus Thick-leaved groundsel
SENCYN Senecio cymbalariodes Few-leaved groundsel -
SENINT Senecio integerrimus Western groundsel -
SENPAU Senecio pauperculus Balsam groundsel
SENPSE Senecio pseudaureus Streambank groundsel
SENTRI Senecio triangularis Arrowleaf groundsel
SHECAN Shepherdia canadensis Canada buffaloberry
SILCUC Silene cucubalus Bladder campion
SISANG Sisyrinchium angustifoiium Blue-eyed grass
SMI RAC Smilacina racemosa False spikenard
SMISTE Smilacina stellata Starry solomon-plume
SOLCAN Solidago canadensis Canada goldenrod
SOLGIG Solidago gigantea Late goldenrod
SOLMIS Solidago missouriensis Missouri goldenrod
SOLOCC Solidago occidentalis Western goldenrod "
SOLSPA Solidago spathulata Dune goldenrod
SONARV Sonchus arvensis Field milk-thistle
SPAPEC Spartina pectinata Prairie cordgrass *
SPIBET Spirea betulifolia Shiny-leaf spiraea
SPIROM Spiranthes romanzoffiana Hooded ladies-tresses
STAPAL Stachys palustris Swamp nedge-nettle
STECAL Stellaria calycantha Northern starwort
STICOM Stipa comata Needle-and-thread
STIOCC Stipa occidentalis Western needlegrass
STIRIC Stipa richardsonii Richardson’s needlegrass
STIVIR Stipa viridula Green needlegrass
SYMALB Symphoricarpos albus Common snowberry
TANVUL Tanacetum vulgare Common tansy
TAROFF Taraxacum officinale Common dandelion
THAOCC Thalictrum occidentale Western meadowrue
THAVEN Thalictrum venulosum Veiny meadowrue ~
THEINT Thelypodium integrifolium Entire-leaved thelypody
THEMON Thermopsis montana Mountain thermopsis
THERHO Thermopsis rhombifolia Round-leaved thermopsis
THLARV Thlapsi arvense Field pennycress
TOWMEN Townsendia montana Mountain townsendia *
TOWPAR Townsendia parryi Parry's townsendia
TRADUB Tragopogon dubius Goat's beard
TRICAN Trisetum cane$cens Tall trisetum -
TRICER Trisetum cernuum Nodding trisetum
TRIHYB Trifolium hybridum Alsike clover
TRILON Trifolium longipes Long-stalked clover
TRIPRA Trifolium pratense Red clover
TRIFOL Trifolium spp. Clover
TRIMAR Trig loch in maritimum Seaside arrow-grass
TRIOVA Trillium ovatum White trillium
TRISPI Trisetum spicatum Spike trisetum
TYPLAT Typha latiifolia Common cattail
URTDIO Urtica dioica Stinging nettle
VALDIO Valeriana dioica Northern valerian
VALEDU Valeriana edulis Edible valerian
VALSIT Valeriana sitchensis Sitka valerian
VERVIR Veratrum viride Green false hellebore
VERAME Veronica americana American speedwell
VERPER Veronica persica Persain speedwell
VICAME Vicia americana American vetch
VIOADU Viola adunca Early blue violet
VIOCAN Viola canadensis Canada violet.
VIOORB Viola orbicuiata Round-leaved violet
VIONUT Viola nuttallii Nuttall violet —
ZIGELE Zigadenus elegans Glaucous camas —
ZIGVEN Zigadenus venenosus Meadow death-camas -
ZIZAPT Zizia aptera Heart-leaved alexanders
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APPENDIX G: PLANTS LISTED AS INCREASERS, DECREASER AND INVADERS ON THE
THEODORE ROOSEVELT MEMORIAL RANCH.
Appendix Table G. Plants grouped as 
Roosevelt Memorial Ranch.
increasers, decreasers and invaders on the Theodore
Plant Species Grazing Response
Grasses and Grasslike 
Agropyron caninum 
Agropyron dasystachyum 
Agropyron subsecundum 
Agrostis alba 
Alopecurus aipinus 
Bromus inermis 
Bromus vulgaris 
Carex concinnoides 
Carex filifolia 
Carex rossii 
Carex scirpoidea 
Dactylis glome rata 
Danthonia californica 
Danthonia parryi 
Deschampsia caespitosa 
Elymus canadensis 
Elymus glauca 
Festuca idahoensis 
Festuca pratensis 
Festuca scabrella 
Juncus balticus 
Juncus ensifolius 
Juncus longistylis 
Juncus tenuis 
Koeleria cristata 
Muhlenbergia filiformis 
Pascopyrum smithii 
Phleum pratense 
Poa palustris 
Poa pratensis 
Pseudorcegnaria spicata 
Stipa occidentalis 
Stipa viridula 
Trisetum canescens 
Forbs
Achillea millefolium 
Actaea rubra 
Agoseris glauca 
Allium cernuum 
Allium schoenoprasum 
Alyssum alyssoides 
Androsace filiformis 
Anemone multifida 
Angelica arguta
Decreaser
Increaser
Decreaser
Invader
Decreaser
Invader
Decreaser
Increaser
Increaser
Increaser
Increaser
Invader
Decreaser
Increaser
Decreaser
Increaser
Decreaser
Increaser
Invader r—
Decreaser
Increaser
Increaser
Increaser
Increaser
Increaser
Increaser
Increaser
Invader
Increaser
Invader
Decreaser
Decreaser
Decreaser
Decreaser
Increaser
Increaser
Decreaser
Increaser
Increaser
Invader
Increaser
Increaser
Increaser
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Antennaria anaphaloides Increaser
Antennaria neglecta Increaser
Antennaria rosea Increaser
Arabis nuttallii Invader
Arctium minus Invaaer
Arctostaphylos uva-ursi Increaser
Arenaria congesta Increaser
Arnica sororia Increaser
Aster conspicuus Increaser
Aster falcatus Increaser
Aster foiiaceous Increaser
Aster laevis Increaser
Aster occidentalis Increaser
Astragalus drummondii Increaser
Balsamorhiza sagittata Increaser
Besseya wyomingensis Increaser
Bupleurum americanum Increaser
Campanula rotundifolia Increaser
Carduus nutans Invader
Castilleja miniata Increaser
Cerastium arvense Invader
Cirsium arvense Invader
Chrysopsis villosa Increaser
Clematis hirsutissima Increaser
Collomia linearis Increaser
Collinsia parviflora Increaser
Comandra umbellata Invader
Convolvulus arvensis Invader
Crepis runcinata Increaser
Cynoglossum officinale Invader
Descuriana pinnata Invader
Dodecatheon conjugens Increaser
Douglasia montana Invader
Equisetum arvense Increaser
Erigeron caespitosus Increaser
Erigeron coulteri Increaser
Erigeron glabellus Increaser
Erigeron speciosus Increaser
Erysimum repandum Invader
Fragaria vesca Increaser
Fragaria virginiana increaser
Gaillardia aristata Increaser
Galium aparine Invader
Galium boreale Increaser
Gaura coccinea Increaser
Geranium richardsonii Decreaser
Geranium viscosissimum Decreaser
Geum rivale Increaser/Decreaser
Geum triflorum Increaser
Hacklia micrantha Invader
Hedysarum sulfurescens Increaser
Helianthella uniflora Invader
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Heuchera grossulariifolia 
Heracleum ianatum 
Hymenoxys a caul is 
Iris missouriensis 
Lathyrus ochroleucus 
Liatris punctata 
Linum perenne 
Lithospermum ruderale 
uomatium cous 
Lomatium dissectum 
Lomatium macrocarpum 
Lupinus sericeus 
Medicago lupulina 
Mentha arvensis 
Monarda fistulosa 
Orthocarpos luteus 
Osmorhiza chilensis 
Oxytropis campestris 
Oxytropis sericeus 
Oxytropis splendens 
Oxytropis viscida 
Penstemon confertus 
Perideridia gairdneri 
Petalostemon purpureum 
Phlox albomarginata 
Phlox hoodii 
Plantago lanceolata 
Plantago major 
Polygonum bistortoides 
Potentilla gracilis 
Potentilla hippiana 
Potentilla pensylvanica 
Senecio canus 
Senecio pauperculus 
Silene cucubalus 
Sisyrinchium angustifolium 
Smilacina steliata 
Solidago occidentalis 
Solidago missouriensis 
Taraxacum officinale 
Thalictrum occidentale 
Thlapsi arvense 
Tragopogon dubius 
Trifolium longipes 
Vicia americana 
Viola canadensis 
Viola nuttallii 
Zigadenus elegans 
Zigadenus venenosus 
Zizia aptera
Increaser
Invader
Invader^
Invader
Decreaser
Decreaser
Increaser
Increaser
Increaser
Increaser
Increaser
Increaser
Invader
Increaser
Invader
Invader
Decreaser
Invader
Invader
Invader
Invader
Increaser
Invader
Decreaser
Increaser
Increaser
Invader
Invader
Increaser
Increaser
Increaser
Increaser
Increaser
Increaser
Invader
Increaser
Increaser
Increaser
Increaser
Invader
Increaser
Invader
Invader
Decreaser
Decreaser
Increaser
Increaser
Increaser
Increaser
Increaser
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Shrubs
Amelanchier alnifolia 
Artemisia campestris 
Artemisia frig id a 
Cornus stoionifera 
Juniperus communis 
Juniperus horizontalis 
Mahonia repens 
Potentilla fruticosa 
Prunus virginiana 
Rosa woodsii 
Salix bebbiana 
Shepherdia canadensis 
Spirea betulifolia 
Symphoricarpos albus 
Trees
Populus tremuloides 
Other
Selaginella densa
Decreaser
Invader
Increaser
Decreaser
Increaser
Increaser
Increaser
Increaser
Decreaser
Increaser
Decreaser
Increaser
Increaser
Increaser
Increaser
Increaser
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APPENDIX H: SUGGESTED RESEARCH
1. The effect of different grazing systems such as rest-rotation, deferred-rotation and snort 
duration grazing on livestock production and wild ungulate habitat.
2. Changes in plant community characteristics and streambank integrity due to exclusion of or 
tight control of livestock grazing in riparian areas.
3. The effect of livestock stocking rate on pasture use by deer and elk.
4. Determining ways to improve vigor of rough fescue communities through controlled livestock 
grazing.
5. Build an exciosure near the housing facilities on the ranch as a teaching tool for the education 
program to address the effects of grazing by cattle and wild ungulates on plant communities.
